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 Gaining popular recognition in the U.S. with the advent of the first White House 
Maker Faire in 2014, makerspaces have become an increasingly popular feature of the K-
12 educational landscape. While makerspaces have been subject to critique related to the 
lack of inclusivity within the broader predominantly white and male ‘maker culture’, they 
have also been recognized for their potential to include and attract students that have been 
historically underrepresented in the STEM fields, specifically female, African-American 
and Latinx students (Halverson & Sheridan, 2014; Kafai et al., 2014; Vossoughi, et al., 
2016). However, despite their popularity and the growing body of empirical evidence 
documenting their use in the K-12 context, there are many topics that warrant further 
exploration, from teachers’ experiences with making, to the processes involved in their 
long term success or failure, and issues related to leadership, professional development 
and teacher expertise (Haron & Hughes, 2018).  
 Responding to the need for greater understanding of these issues, this exploratory 
case study examines the organizational and curricular role of an established middle 
school makerspace through observations, student surveys, and individual interviews with 
teachers and school leaders.  Findings of this study revealed themes related to (a) 
 
discrepancies between participants’ aspirational ideals and the practical reality of their 
experiences; (b) the important role of flexibility and rigidity within the curriculum and 
school structures; and (c) the mutually influential relationships that exist between 
materials, identity, expertise and participation. Each of these themes held specific 
consequences for equity and inclusion. The findings of this study highlight the critical 
importance of attending to equity in the implementation of maker learning environments 
and the central role that school structures, materials and perceptions play in addressing 
historical inequities in making and STEAM. This study concludes with recommendations 
for researchers, teachers and school leaders that place equity at the center of plans for 
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 The challenge of preparing students for a complex, and unpredictable future has 
led to a growing movement among educational leaders and researchers to develop 
innovative curricular programs and methods of instruction (Collins, 2017). Emerging 
within this rapidly changing environment, school-based makerspaces have gained 
notoriety for fostering interdisciplinary, student-centered, and process-oriented 
approaches to learning (Hira & Hines, 2018). Makerspaces are often praised for their 
ability to facilitate students’ development of ‘21st century skills’ (Saavedra & Opfer, 
2012; Hira & Hines, 2018). Moreover, despite critiques focusing on the lack of 
inclusivity within the broader predominantly white and male ‘maker culture’, they have 
been recognized for their potential to include and attract students that have been 
historically underrepresented in the high-powered and economically valuable STEM 
fields, specifically female, African-American and Latinx students (Halverson &Sheridan, 
2014; Kafai et al., 2014; Vossoughi, et al., 2016).  
 However, despite the growing body of empirical evidence documenting the use of 
makerspaces in the K-12 context, as an emerging area of research, there are many topics 
that warrant further exploration, from teachers’ experiences with making, to the processes 
involved in long term success or failure, and issues related to leadership, professional 
development and teacher expertise (Haron & Hughes, 2018). As these authors have 
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attested, “While there is strong national support for increasing the establishment of and 
access to educational makerspaces, these efforts tend to focus on the infrastructure, such 
as building makerspaces and outfitting them with tools, rather than determining the 
purpose they should serve in a K-12 environment.” (Harron & Hughes, 2018, p.  254). In 
addition, the enthusiasm surrounding the adoption of makerspace programs in K-12 
schools, combined with concerns regarding equitable teaching and learning practices in 
these spaces has led researchers to question who is served by such programs, to what 
ends, and with what activities and resources (Hira & Hines, 2018).  Ryoo and Calabrese 
Barton (2018) made a similar argument stating that, “Little is known about how the 
design of making environments, including their programs and pedagogies, shape how 
opportunities to make unfold, and what this might mean for who participates, how, and 
why.” (p. 4). There are also varied perspectives as far as the purposes to which 
makerspaces in K-12 schools should aim. While in some cases makerspaces are 
characterized as mechanisms for inspiring economic advancement, career readiness, or 
technological competitiveness, in others they are framed primarily as a means of 
supporting identity formation, student-centered education, or the development of 
students’ capacities as agents of change (Hira & Hines, 2018). The emphasis on one or 
more of these purposes in any given space inevitably shapes the activities involved and 
outcomes achieved. Consequently, as a means of better understanding the factors at play 
in determining such emphases and outcomes, in this dissertation I investigate the purpose 




Makerspaces as a Curricular Innovation 
Origins of the Maker Movement  
 Gaining popular recognition in the U.S. during the Obama administration with the 
advent of the first White House Maker Faire in 2014, the maker movement has been 
gaining momentum since the first organized maker faire event in 2005 (Branwyn, 2015).  
Due to his foundational role in the development of these events and his leadership as 
founder and CEO of Make Media, Dale Dougherty is widely credited with the 
popularization of ‘making’ and the maker movement (Hira & Hines, 2018; Vossoughi et. 
al, 2016). In conceiving of the maker movement, Dougherty, writes that, “makers were 
enthusiasts who played with technology to learn about it” (Dougherty, 2013, p. 7) and 
whose work with technological tools can lead to “real world applications or new business 
ventures” (Dougherty, 2013, p. 7). This definition aligns well with the national focus 
articulated in the materials describing the 2014 White House Maker Faire which state that 
the White House supported “expand[ing] the resources available for maker entrepreneurs, 
and foster[ing] the development of advanced manufacturing in the U.S.” (White House 
Archives, 2016). In Dougherty’s writing, and in the associated maker culture, the maker 
movement is viewed as a means of supporting technological and economic advancement 
and entrepreneurship, and a return to the inventiveness that Dougherty sees as a lost trait 
of the American middle class (Dougherty, 2013). 
 While presenting an appealing focus on creativity over consumerism, and the 
celebration of playfulness, experimentation and innovation, Dougherty’s narrow vision of 
making has also been subject to valid critique. Authors such as Vossoughi and colleagues 
(2016) have criticized the exclusivity of this vision of making. They point to the many 
 4 
other forms of making and creativity that have been marginalized while traditionally 
white, male, and middle or upper class forms of making have been celebrated (Vossoughi 
et.al, 2016). As Vossoughi points out, within the version of making described by 
Dougherty and often portrayed in the media, “The forms of ingenuity present in 
communities that are not benefiting from dominant economic structures—such as 
material repair and trade, hacking, making as social or artistic practice, and economic 
survival—are deemphasized.” (Vossoughi et.al, 2016, p. 208). Without including 
traditions of making such as those referenced by Vossoughi and colleagues, that exist 
outside of the traditionally white, male and middle class maker culture, making is not a 
transformative and egalitarian activity, but rather an alternative iteration of traditional 
value structures and social hierarchies.  
 In addition to discussing the consequences of this narrow definition of making, 
Debbie Chachra also provides a pointed critique of what (and who) is missing when the 
focus on making is not only too narrow, but also too individualistic. Though she 
acknowledges the importance of making things, especially for those who have been 
historically denied opportunities to take on roles as makers, she points out that the value 
and power associated with these made artifacts is not intrinsic, but rather situated within a 
culture that places a higher value on work traditionally done by men. As Chachra points 
out, despite its anti-consumer image, “Making is not a rebel movement, [of] scrappy 
individuals going up against the system. While the shift might be from the corporate to 
the individual (supported, mind, by a different set of companies selling a different set of 
things), it mostly re-inscribes familiar values, in slightly different form: that artifacts are 
important, and people are not.” (Chachra, 2015). Chachra also points out that focusing 
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exclusively on the importance of making neglects the importance of the full range of 
activities that also support progress, sustainability, and innovation, but that do not 
produce artifacts, and that are often associated with women, or other historically 
marginalized populations (Chachra, 2015).  
 With these important critiques in mind, we can begin to approach the task of 
harnessing the potential of makerspaces to present much needed opportunities for play, 
exploration and experimentation within the curriculum. This task cannot be accomplished 
equitably without also attending to the need to shift maker culture and disciplinary 
practices to include more diverse ways of doing, being, and knowing. This presents a 
critical area for continued research that can better support the inclusion of female, Latinx, 
African-American and other minoritized students who have been traditionally 
underrepresented in STEM. 
The Educational Appeal of Making  
 In conjunction with the national interest in technological and economic 
advancement, educators, researchers and policy makers have increasingly recognized 
“21st century skills” as critical for achievement and participation in society (Kereluik, K., 
et al, 2013). 21st century skills are often described as including core content knowledge, 
digital literacy, and cross disciplinary knowledge, life/job skills, ethical/emotional 
awareness, and cultural competence, communication and collaboration, problem solving 
and critical thinking, and creativity and innovation (Kereluik, K., et al, 2013). However, 
there is also a clear gap between these skills that are touted as essential, and those that are 
evaluated through current accountability measures (Carroll, M. et al, 2010).  
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 The National Research Council’s (2012) Framework for K-12 Science Education 
can be taken as a prime example of these shifting educational priorities as it emphasizes 
scientific processes rather than discrete factual knowledge. Importantly, this framework 
also moves away from the disciplinary silo approach, aligning engineering, technology 
and design with the application of science, marking a shift from previous subject area and 
fact driven standards (Quinn & Bell, 2013). In addition to this interdisciplinary focus, the 
Next Generation Science Standards “require that classrooms- and group based learning 
environments generally- move toward a culture of student participation in discourse and 
activities that require group problem solving, investigation, explanation and 
argumentation” (Quinn & Bell, 2013, p. 23).  
 However, as the demands of standards and test-based accountability have 
increased in public school contexts, there has also been a growing tension between 
collaborative, learner driven activities, and the test-based assessment model, which 
reflects students’ independent performance on isolated content specific tasks (Davis-
Soylu, et al., 2011). These standardized forms of assessment have led to a focus on 
methods of instruction that are geared toward mastery of specific tasks or factual 
knowledge, often to the exclusion of inquiry based teaching practices and student-
centered exploration (Kim, P. et al, 2015). This assessment and instructional model is 
particularly detrimental to the development of creative, critical, and collaborative 
thinking skills, as well as the interdisciplinary and humanistic knowledge that 21st 
century skills require. School-based makerspaces present a novel approach to bridging 
this gap through the use of hands-on and collaborative learning activities, with the added 
appeal of engagement with new technologies.   
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 Though innovative in their use of tools and practices that pertain to the digital era, 
the pedagogical characteristics of makerspaces as learning environments are rooted in 
long established traditions. The type of learning environment facilitated by the use of 
school-based makerspaces overlaps significantly with constructivist and constructionist 
pedagogy. In their tendency to involve hands-on inquiry and design-based practices, 
makerspaces are philosophically linked to the social constructivist and cognitive theories 
of Jean Piaget, and Lev Vygotsky (Gilbert, 2017). However, in the premise that the act of 
making itself is central to learning, they are even more precisely aligned with the more 
recent constructionist theories of Seymour Papert, MIT professor, and author of the book 
“Mindstorms: Children, Computers, and Powerful Ideas” first published in 1980 (Levy, 
S. 2012). In the contemporary context, in which agility in responding to new and 
complex challenges is more valuable than internalizing factual knowledge, these 
technology rich and inquiry-based forms of instruction have a heightened appeal (Collins, 
2017). 
 As instructional environments that involve the integration of technological, 
artistic and craft materials, as well as engineering, mathematical, and scientific processes, 
makerspaces belong to the wider category of STEAM curricular innovations. Like 
makerspaces, STEAM, or the integration of Science, Technology, Engineering, Arts and 
Mathematics, has emerged as a means of addressing 21st century educational needs. 
STEAM curricula include learning environments ranging from those that more closely 
resemble the traditional curriculum, to those that have achieved a more authentic 
integration of the disciplines involved (Herro & Quigley, 2017). Similar to the discourse 
surrounding makerspaces, arguments for STEAM often instrumentalize the Arts as a tool 
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to support STEM learning (Bequette, J & Bequette, M., 2012). In addition, while some 
promote STEAM as a mechanism for achieving economic advancement, others highlight 
the opportunities that STEAM provides to support student agency, civic participation, 
equity, inclusion and social justice (Herro & Quigley, 2017). Ideally, whether informed 
by a utilitarian or social justice perspective, STEAM consists of transdisciplinary 
problem-based learning environments that involve each discipline in instrumental ways 
(Kim & Chae, 2016). As a type of STEAM education, school-based makerspaces are 
aligned with these interdisciplinary and transdisciplinary approaches, and are also 
variously informed by underlying utilitarian or social justice perspectives.  
 Despite the recent surge in popularity of both STEAM and making as a means of 
addressing 21st century educational goals, there is still much to be learned about teaching 
and school-based makerspaces (Hira & Hines, 2018). As Vossoughi and colleagues 
(2016) have articulated, “while a number of researchers celebrate the range of identities, 
practices, and learning environments made available through making, less attention has 
been paid to the measures of valuable human and educational activity reproduced by the 
movement in its current form and their consequences for equity-oriented pedagogy and 
research.” (p. 213). In addition, there is a danger that in the translation from community 
based sites of exploration to institutional components of a curricular program making 
could lose its most essential and beneficial assets as a means of inspiring creative 
problem solving and ingenuity. As Halverson and Sheridan (2014) point out, “perhaps the 
greatest challenge to embracing the maker movement in K–12 schools, especially in our 
current accountability environment, is the need to standardize, to define “what works” for 
learning through making.” (p.500). This need to standardize practice is in many ways at 
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odds with the fluid and spontaneous nature of ‘making’ as it is typically understood. 
However, the constraints of the traditional school environment have not deterred 
researchers or teachers from pursuing the benefits of similar forms of interdisciplinary 
project- and problem-based learning in schools (Krajcik, & Shin, 2014). Likewise, these 
challenges should not necessarily preclude the pursuit of maker-based curricula for the K-
12 classroom. Indeed, the growing popularity of makerspaces in the K-12 context is 
based on the same foundations as the more established traditions of project- and problem-
based learning as a means of supporting 21st century skills, as well as constructivist and 
constructionist pedagogy in general.   
Defining making in the context of K-12 education 
 As a means of articulating the focus of this study within these similar pedagogical 
traditions, it is helpful to first consider the definition of making. Within publications such 
as Make magazine, making has been defined as “the act of creating something” (Good, 
2011). While this definition appears broad and inclusive on its surface, it is qualified by 
the fact that the types of ‘things’ and tools that the magazine emphasizes provide an 
implicit definition of making that restricts creating to forms that include technological 
and engineering processes. This definition contrasts with the more expansive definitions 
envisioned by Chachra (2015), and by Vossoughi and colleagues (2016). Taking a cue 
from the Spanish language, in which the verb to make is the same as the verb to do, the 
definition of making can in some senses be as general as doing. As Chachra (2015) has 
pointed out, there are many ways of creating innovations, social progress, or 
sustainability that have nothing to do with the creation of a material or technological 
artifact. Voussoughi and colleagues (2016) have also called attention to the ways that 
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processes of repair, or artistic expression, are also acts of making even though the results 
may be ephemeral or involve altering or reconstructing rather than creating something 
new. Evident in these alternative definitions of making are the tensions between the 
branded vision of making represented by Make magazine, and the more diverse 
manifestations of making that exist in a variety of forms, from artistic, to spiritual or 
vocational practices. While helpful as a means of expanding what is often an overly 
narrow definition, some specificity as far as activities and materials is also necessary in 
order to understand and compare sites of making within the K-12 context. 
 Understanding makerspaces as communities of practice is one way that 
researchers have begun to address the need to define making in a more inclusive way, 
while also providing some specificity in defining these spaces and practices in 
educational contexts. In the forward to Calabrese-Barton & Tan’s (2018) book on STEM-
rich Maker Learning, Yasmin Kafai differentiates between ‘makeing’, the version of 
making described and branded by Make magazine, and ‘making’, the “the high and low 
tech everyday version” (p. v). Similarly, in their subsequent chapter, the authors 
distinguish their definition of a makerspace from one defined primarily by the physical 
space and tools involved. Acknowledging the important roles of community and identity, 
and drawing more inclusive boundaries around spaces for making, Calabrese Barton and 
Tan (2018) “purposefully use the term making spaces over makerspace, to call attention 
to how making takes shape … always in dialectic with the dynamic culture that surrounds 
it, rather than only with the physical space itself.” (p. 2). Aligned with this dialectic 
vision of a makerspace, Halverson and Sheridan’s (2014) definition also includes 
reference to the physical space, but emphasizes that makerspaces are in fact “the 
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communities of practice constructed in a physical place set aside for a group of people to 
use as a core part of their practice” (p. 502). While any physical space in which making 
occurs could be considered a making space, or makerspace, as these authors affirm, 
understanding the nature of learning and activity involved in educational making requires 
an examination of many factors beyond the physical.  
 While participants in this dissertation study were also aware of the complexity of 
the relationships between disciplines, identities and learning through making, when using 
the term makerspace what they were referring to was a physical space defined primarily 
by its location in the building, and the tools and materials contained therein. For the 
purposes of understanding the more complex social and cultural dimensions of making 
within the school, in this study I have aligned my inquiry more closely with Calabrese 
Barton and Tan’s description of ‘making spaces’. I have done this by investigating 
practices of making that occurred outside of the physical space designated as the 
‘makerspace’, and by seeking to understand perceptions and experiences of making, and 
the relationships between materials, identities and organizational priorities. However, in 
the context of conversations with participants, the term makerspace more closely aligned 
with the physical space and materials. In contrast, the term ‘making’ captured 
conversations that involved the dialectic dimensions to which Calabrese Barton and Tan 
refer. For this reason, while informed by the concept of ‘making spaces’, in this study I 
have aligned my language with that of my participants and use the term makerspace to 
describe the physical space designated as such, and making, or culture of making, to 
describe the associated activities and the more nuanced and relational dimensions of 
making within the school.  
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Implementation and School Context 
 While the appeal and potential benefits to be gained from school-based 
makerspaces are clear, the path to successful implementation is less so. In addition to 
institutional challenges related to accountability requirements and resource allocation, 
effectively integrating a makerspace within a traditional curriculum requires teachers to 
be knowledgeable regarding a wide range of content and to master teaching strategies 
that will support students in inquiry-based learning and problem solving. Moving 
teachers from the role of dispensing knowledge in the case of discrete fact oriented 
instruction, to that of facilitating knowledge construction in the case of interdisciplinary 
project or problem based learning presents a dramatic shift that requires professional 
development and training as well as interest and buy-in on the part of the teachers 
involved (Sawyer, 2014; Horn & Kane, 2015). This in turn points to the need for 
effective leadership with respect to developing a shared vision, improving instructional 
practice and providing opportunities for professional development, designated time for 
collaboration, and interdisciplinary instruction, and the allocation of necessary resources. 
 In addition to challenges related to teachers’ pedagogical skills in inquiry-based 
instruction, navigating the socio-cultural issues of inclusion and marginalization involved 
in STEAM and maker environments also requires direct attention, engagement, learning, 
and reflection on the part of teachers, administrators, and students. At the level of 
practice this relates to determining what kinds of learning goals an ideal lesson should 
include, and what materials, and practices these lessons involve when implemented. 
These considerations must also account for the local context in which teachers are 
developing curricula as they seek to respond to the interests and funds of knowledge that 
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their students bring to the space while facilitating learning and engagement within 
disciplinary cultures of practice (Calabrese Barton et. al, 2008; Moje et.al, 2004). 
Designing an equitable maker learning experience requires an explicit focus on the socio-
cultural factors and histories of marginalization that influence students’ and teachers’ 
experiences. 
 With respect to the need to draw upon depths of knowledge from each of the 
different STEAM domains that may be involved in makerspace activities, organizational 
factors are important as well. This is particularly true in relation to teacher expertise, 
collaboration, decision-making, and professional capital (Hargreaves & Fullan, 2012) as 
well as the support of school leaders (Fullan, 2014). Effectively implementing a 
makerspace curriculum depends upon teachers’ professional capital (Hargreaves & 
Fullan, 2012), from decision-making, engaging with colleagues and networks in learning, 
to developing specific content knowledge and confidence with materials and instructional 
strategies.   
Conceptual Framework 
 A critical analysis of how a makerspace is integrated with the broader curriculum, 
and how key stakeholders define its educational purpose offers an opportunity to 
understand the conditions required for makerspaces to provide transformative STEAM 
learning environments. In order to provide such an analysis, this case study explores the 
organizational and curricular impact of an established middle school makerspace through 
the perspectives of school leaders, teachers, and students. As discussed in more detail 
below, the following three areas of inquiry served to frame these perspectives within the 
context of the study: (a) curricular purpose, in relation to K-12 curricular goals as well as 
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those described in the research literature on makerspaces and STEAM; (b) organizational 
alignment, in terms of the vision, resources and constraints that contribute to defining and 
using the space; and (c) student perspectives, in terms of students’ experiences in the 
makerspace, their feelings of inclusion or exclusion, and the alignment between their 
perspectives and those of adult stakeholders. 
Curricular purpose 
 In my conceptualization of effective instructional practices for the K-12 public 
school environment, I drew upon research in the field of the Learning Sciences 
(Bransford et al., 2000; Krajcik, & Shin, 2014, Horn & Kane, 2015). This body of 
research supports the framing of the makerspace as a curricular innovation that should be 
learner and knowledge centered, and attend to the contexts and communities in which 
learning takes place (Bransford et al., 2000). This study aligns with Halverson and 
Sheridan’s (2014) desire for makerspaces to achieve their, “democratizing potential” and 
“opportunities for empowerment and consciousness raising” by providing “access to the 
discourses of power that accompany becoming a producer of artifacts… us[ing] 21st 
century technologies” (p. 500). In a similar vein, I view makerspaces through the lens of 
Guyotte and colleague’s related proposal for STEAM learning, in which the authors 
suggest that STEAM should serve as a vehicle for engaging students in social practice 
through problem and project based learning (Guyotte et. al, 2014). This theoretical stance 
shifts the curricular goal from attaining a competitive economic advantage (Dougherty, 
2013) to developing practices of engaged and informed global citizenship. These 




 As Fishman and colleagues (2004) have argued, educational innovations have a 
better chance of succeeding and enduring in contexts that have achieved alignment across 
the levels of the organization or system in which the innovation is implemented. For this 
reason, attention to the convergence or divergence in understandings and experiences of 
the makerspace across key stakeholders, from administrators, to teachers and students, is 
crucial to evaluating the success and potential sustainability of the program. As 
McLaughlin (2013) has pointed out in his discussion of similar forms of curricular 
change, “unless participants perceived that change-agent projects represented a school 
and district educational priority, teachers were often unwilling to put in the extra time and 
emotional investment necessary for successful implementation. Similarly, the attitudes of 
teachers were critical, unless teachers were motivated by professional concerns […], they 
did not expend the extra time and energy requisite to the usually painful process of 
implementing an innovation.” (pp.197). This research illuminates conditions for 
successful and sustainable educational change, and points to the importance of 
organizational factors in understanding the implementation of a makerspace as a 
curricular innovation. This area of research on makerspaces is fundamental to 
understanding their impact at the school and classroom level, as well as to understanding 
what tools, resources or strategies need to be in place in order to support teachers in 
incorporating these spaces effectively and equitably into their curricula. 
Student Perspectives 
 Student perspectives are crucial to determining whether or not the vision 
articulated by teachers and administrators is successfully carried out. As the intended 
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beneficiaries of the space, students themselves are most knowledgeable as to whether its 
stated purpose has been achieved. Additionally, with respect to the importance of 
broadening the participation of students who have been historically underrepresented in 
STEM, examining student perspectives provides insight as to the degree to which a 
makerspace is inclusive and likely to achieve equitable outcomes.  
 This study primarily examines the affective dimension of learning in the 
makerspace. This includes students’ self reported feelings of confidence, interest, 
capability with various activities or tools, and their feelings regarding teacher and peer 
interactions or collaboration. These aspects relate most closely to research on identity and 
making, or the relationship between identity and representation in STEM. While they 
point to a lack of evidence of the sustained involvement of diverse audiences, Angela 
Calabrese Barton and colleagues (2017) highlight the importance of responding to this 
concern through an examination of the relationships between tools, practices and cultures 
of making exemplified in a given makerspace, and those with which students from 
historically marginalized backgrounds are familiar (p. 5-6). The authors state that while 
“bricolage in unfamiliar territory can be daunting, especially if one is not accustomed to 
either the tools or the culture of making to which they have access [...] makerspaces that 
take on broader views of learning and development may be more likely to value the 
resources and capacities of young people who have been historically marginalized in 
making and in STEM, thereby shifting the culture of making to one that is more 
inclusive” (Calabrese Barton et al., 2017, p. 6). Gaining insight into which groups of 
students feel most comfortable or engaged, which kinds of activities appealed to which 
types of students, and how students reflect on their learning, will reveal ways in which 
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the makerspace in this study either supported inclusivity, or reinforced traditional 
disparities in engagement and performance. Student data describing feelings of 
confidence, engagement and belonging thus provides an important balance to the 
perspectives of teachers and school leaders, as well as an opportunity to investigate issues 
of equity in student outcomes. 
Research Questions 
To understand the purpose and potential impact of the makerspace, this case study 
focuses on the following four questions: 
1. How do teachers and administrators conceptualize the purpose of the 
makerspace? 
2. What opportunities and constraints do teachers and administrators perceive 
relative to the implementation of the makerspace? 
3. How do teachers and administrators construct the role of the makerspace 
within the school?  
4. How do students perceive the role of the makerspace in relation to their 
learning? 
In summary, while increasingly popular as a mechanism for infusing the 
curriculum with 21st century skills and increased STEM engagement and proficiency, 
there is a great deal of variation in terms of how the educational purposes of makerspaces 
in the K-12 context are implemented and defined (Harron & Hughes, 2018). Although the 
wider maker community has been the subject of critique for its predominantly white and 
male membership, through a conscious focus on the integration of different ways of being 
and knowing, educational makerspaces and school-based cultures of making hold the 
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potential to support the inclusion of students traditionally underrepresented in STEM. At 
the same time, as a relatively new area of research, there is a need for greater 
understanding of the alignment between their implementation and their purported 
purposes or strengths. By drawing connections between teachers’ and school leaders’ 
interpretations of the makerspace’s purpose, as well as students’ understanding of its 
impact on their learning, my investigation of the research questions above contributes to 
the emerging understanding of the structures, perceptions and experiences that situate a 
makerspace within its curricular and organizational context and influence its success. 
With the increasing recognition of the complex societal ramifications of research and 
policy related to scientific and technological advances (Nisbet et al., 2015; Jamieson et 
al., 2017), there is no better moment than the present to broaden participation in STEM 
disciplines, and to expand the STEM disciplinary cultures themselves to include more 
humanistic goals such as developing students’ capacities as agents of change. Given the 
widespread agreement that methods of instruction and assessment should be tailored to 
the development of ‘21st century skills’ (Saavedra & Opfer, 2012) for the ‘knowledge 
economy’ (Sawyer, 2014) and the emerging evidence suggesting that makerspaces have 
the potential to both support student agency (Tishman & Clapp, 2017), and broaden 
access to STEM and 21st century skills (Halverson & Sheridan, 2014), this research is 





REVIEW OF THE LITERATURE 
 In order to contextualize this study within the field of relevant research, this 
chapter provides a discussion of the literature in four pertinent areas. I begin with the 
literature related to the pedagogical foundations associated with making and school-based 
makerspaces that are key to the context of my study. Placing makerspaces within the 
broader context of instructional practices with which they are aligned, this area of 
research provides the basis for interpreting the teaching and leadership decisions involved 
in the incorporation of making within the curriculum. Next I discuss literature addressing 
21st century learning, and the STEAM learning objectives that school-based makerspaces 
are likely to support. As I argue, these purposes are essential to understanding the 
relationship between the intended and enacted makerspace curriculum, as well as the 
potential for the makerspace to shift traditional STEAM hierarchies. I then present a third 
area of research that addresses the relationship between equitable outcomes and the 
activities and purposes involved in making. This research links teachers’, and 
administrators’ conceptualizations of the makerspace, to the ways of being, doing and 
knowing that these conceptualizations are likely to support. This in turn provides a 
framework for understanding the degree to which the makerspace is likely to function as 
an effective and equitable learning environment. Finally, I conclude by situating these 
issues within an organizational context, through a focus on the literature relevant to the 
roles of students, teachers and administrators in processes of curricular change. This last 
area of research provides insight into the organizational supports and constraints that may 
facilitate or limit the successful implementation of the makerspace. 
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Pedagogical Foundations for Making in the K-12 context 
 The relatively recent emergence of makerspaces and their technological allure 
should not overshadow the continuity between their pedagogical foundations, and 
existing theories of learning. Constructivist and constructionist theories of learning, 
project- and problem-based learning, and a learning ecology framework (Baron, 2006), 
are essential to understanding the conditions for their effective and equitable 
implementation. As such, the following section presents a discussion of these areas of 
theory and research.  
Constructivism, Constructionism, and Situated Learning 
 School-based makerspaces provide environments in which the ideals of 
constructivist and constructionist learning may flourish. Elements of the foundational 
theories of scholars such as Jean Piaget, Lev Vygotsky, and John Dewey are evident in 
the arguments for the proliferation of makerspaces in the K-12 context (Gilbert, 2017). 
This can be seen in the emphasis on experimentation, problem- and project-based 
learning, learning from peers and through collaboration, as well as the facilitating role of 
the teacher. Though innovative and contemporary in their use of technology and their 
alignment with 21st century skills, a consideration of the underlying pedagogical theories 
involved demonstrates the firm grounding of educational makerspaces in long-established 
pedagogical traditions.  
 Makerspaces offer opportunities for students to engage directly with materials and 
pursue self-directed learning within a social and collaborative context. Constructivist 
theories stemming from the work of Piaget and Vygotsky highlight the importance of 
experimentation with materials and engagement in social practices as a vehicle for 
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learning (Levy, 2012). As Levy (2012) has pointed out, this extends to the practice of 
making itself in that, “The creation of objects that work involves one of the fundamental 
ways of learning: the cycling between constructive action upon tangible objects and 
reflection upon its results. More recent learning theories that stem from Vygotsky’s 
(1978) work include an emphasis on the role of collaboration with peers and a teacher’s 
guidance in the learning process, to enable learning beyond the actual developmental 
level of a child.” (p. 540). This in turn relates to constructionist theories of learning that 
suggest, “that creating personally meaningful objects is a major source of personal 
growth. In the process, the ongoing interactions with the system under construction feed 
the interplay between ideas and their realization, leading to deep learning.” (Levy, 2012, 
p. 538). Constructionism is distinguishable from constructivism as Halverson and 
Sheridan (2014) state in that, “Papert’s theory of constructionism places embodied, 
production-based experiences at the core of how people learn (Harel & Papert, 1991). 
While constructionism has roots in Deweyan constructivism, which frames learning as 
the product of play, experimentation, and authentic inquiry, the distinguishing feature of 
constructionism is “learning by constructing knowledge through the act of making 
something shareable” (Martinez, & Stager, 2013, p. 21).” (p. 497-8). Though these 
theories of learning were not generated with makerspaces in mind, they are directly 
relevant to the task of understanding their purpose. 
 Likewise, although over 100 years have passed since its publication, the issues 
Dewey discusses in “The Child and The Curriculum” (1902) remain relevant to the 
tensions between the standardized curriculum, and the more spontaneous and variable 
curriculum that makerspaces offer. In his discussion of these tensions, Dewey described 
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an “unsoluble, theoretic problem” (Dewey, 1902, p. 184-7) represented by the conflict 
between a curriculum defined exclusively by the interests of the child, or instead by pre-
determined subject area disciplines. Makerspaces may present an opportunity to navigate 
the false dichotomy that Dewey observed in these conflicting viewpoints. While Dewey 
disagreed with the idea that children should be completely free to pursue their own 
interests, suggesting that this approach did not account for the need for external input 
guiding the child to new discoveries, he also rejected the idea that subject matter alone, as 
understood and constructed by adults should be the central driving force of the 
curriculum (Dewey, 1902). Instead, in Dewey’s theory, the child and the curriculum were 
overlapping and intertwined. This conception of the child and curriculum has much in 
common with the interest driven project-based curriculum often associated with 
educational makerspaces. With a teacher in the role of facilitator, questioning and 
providing scaffolding to engage students in learning that they could not accomplish 
independently, makerspaces hold potential as spaces in which student interests and 
disciplinary content standards can be organically intertwined. This theoretical stance is 
useful in evaluating the role of the makerspace in relation to the surrounding standards-
based curriculum, as well as in understanding the tensions teachers and school leaders 
must navigate in their integration of the makerspace with content area instruction. 
 Additionally, through collaboration and social interaction makerspaces provide 
opportunities for students to build conceptual knowledge through authentic problem-
solving experiences while drawing upon knowledge from a variety of other contexts. 
With respect to the intertwining factors influencing learning in the makerspace, from 
interactions with peers, to materials and disciplinary communities of practice, a situated, 
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or learning ecology perspective is helpful. As Barron (2006) states, “Ecological 
perspectives […] acknowledge the tight intertwining of person and context in producing 
developmental change.” (p. 196). This focus on the interaction between person and 
context is valuable in that it aligns with the need to understand the multifaceted learning 
processes created by the intersection of different practices, materials, identities and 
communities in makerspaces.   
As discussed above, makerspaces are intended to support students’ conceptual 
learning through authentic problem solving practices that directly involve material 
artifacts and collaborative engagement with peers and communities of makers. As a lens 
for evaluating these spaces, a situative perspective is well positioned to capture the 
benefits of this embedded approach to conceptual learning. As Greeno and Engeström 
(2014) state, “Situative perspectives on learning have sometimes been understood as 
rejection of the importance of conceptual learning. In contrast, we argue that concepts are 
foundational for in-depth learning of any domain. But concepts are not merely verbal or 
symbolic labels or definitions. In particular, functional concepts, embedded in the 
practices of an activity system, are distributed among material artifacts and embodied 
enactments of the participants.” (p. 144). This way of thinking provides avenues for 
understanding how conceptual and procedural knowledge may be ‘distributed among 
material artifacts and embodied enactments’ of students, teachers, and school leaders as 
they interact with the materials and community members engaged with the makerspace. 
These constructivist, constructionist and situated perspectives on learning point to the 
importance of material and interpersonal interactions, and the potential in makerspaces 
for students to learn concepts as they are embedded in the practices and communities 
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with which students engage.  
 Ideally this conceptual learning will be supported by an activity system that 
values not only school-based STEAM skills, but also the knowledge and practices that 
students bring with them from other contexts. The degree to which the materials and 
activities in the makerspace coincide with students’ interests and resources from outside 
of school presents an additional point of inquiry relevant to equity and engagement. 
Aligned with a situative approach, this study’s examination of the relationship between 
teachers’, school leaders’, and students’ perspectives, as well as the materials and 
activities with which these actors engage, is framed by an awareness of the overarching 
activity system in which making, teaching and learning are embedded. 
Project- and Problem-based Learning 
 The constructivist and constructionist theories of learning described above often 
take the shape of project- or problem-based learning in practice. These forms of 
instruction lend themselves to the collaborative and interest-driven practices favored by 
constructionist and constructivist theories (Krajcik & Shin, 2014). These two forms of 
instruction are often referenced in the literature as a means of integrating making within 
the curriculum (Halverson & Sheridan, 2014). In the context of this study, teachers were 
engaged with the makerspace through a project-based interdisciplinary unit, for which 
they received training and professional development through an external organization that 
developed a series of inquiry and project-based STEM curricular units. Given their 
alignment with educational makerspaces, as well as the more substantial body of research 
on project- and problem- based learning, an examination of the literature in this area 
provides insight into some of the themes likely to emerge in the perspectives of students, 
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teachers and administrators regarding learning in the makerspace. 
Project-Based Learning 
 Drawn from constructivism, there is a high degree of overlap between project-
based learning and the type of activity that takes place in educational makerspaces. As 
Krajcik and Shin state, “Project-based learning is a form of situated learning and is based 
on the constructivist finding that students gain a deeper understanding of material when 
they actively construct their understandings by working with and using ideas in real 
world contexts. Learning sciences research has shown that students can’t learn 
disciplinary content without engaging in disciplinary practices, and that they can’t learn 
these practices without learning the content” (2014, p. 275). These constructivist roots of 
project-based learning align with makerspaces in the focus on active experimentation and 
problem solving, as well as the collaborative and often open-ended nature of maker 
learning activities that revolve around student interests. In addition, the opportunities for 
authentic applications of content knowledge, and engagement with disciplinary practices, 
demonstrate the overlap between project-based learning and educational makerspaces. In 
light of the importance placed on disciplinary practices as a component of content area 
learning, project-based learning in a school-based makerspace should also include 
attention to how students learn these disciplinary practices. This is particularly critical 
with respect to understanding what barriers may be inherent in disciplinary communities 
of practice (Wenger, 1999), and how to remove those barriers in order to create equitable 
participation. Importantly, school leaders must support teachers in providing this type of 
complex instruction, through the provision of appropriate instructional materials and 
resources as well as training and professional development (Krajcik & Shin, 2014). 
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Problem-Based Learning  
 Similar to project-based learning, problem-based learning has much in common 
with the instructional approaches often implemented in educational makerspaces. Often 
applied in the medical profession, problem-based learning allows students to construct 
knowledge collaboratively through problem solving processes that resemble the 
processes in which they would engage as proficient practitioners of the disciplines 
involved (Lu et.al, 2014). This focus on situated learning through authentic problem 
solving relates directly to the interest-driven identification of problems, and the process 
oriented problem-solving approaches often employed in educational makerspaces. 
 Problem-based learning has also been recognized in the research literature 
describing the broader context of STEAM instruction, of which makerspaces are part. 
Within the empirical research on STEAM teaching, recognized components of STEAM 
include problem-based learning, technology integration, student choice, real-world 
applicability or relevance, and authentic assessment (Quigley and Herro, 2016, p. 417). 
Similarly Kim and Chae found that problem based learning through a STEAM unit of 
study provided a network for connecting disciplines and supported learning that 
“involve[d] construction, analysis, process work, application, problem-solving, [and] 
real-world authentic problems.” (Kim & Chae, 2016, p.1935).  
 These elements of problem-based learning are also relevant to the evaluation of 
STEAM learning goals in the context of an educational makerspace. A number of 
empirical studies of STEAM instruction have suggested evaluation frameworks based on 
indicators related to problem-based learning such as inquiry, creativity, problem-solving, 
convergence, holistic education, real-life relevance, and pedagogical content knowledge 
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(Quigley & Herro, 2016; Kim B. & Kim J., 2016). While school leaders may seek to 
support and evaluate teachers based on these elements of problem-based instruction, they 
will also need to work with teachers to move towards the role of facilitator rather than the 
more traditional roles of lecturer or director. Given the emphasis on questioning as a 
strategy for facilitating self-directed learning in a problem-based environment, this is 
likely to be an area in which teachers will need support and professional development (Lu 
et. al, 2014). From their origins in constructivist and situated learning theory, project- and 
problem-based approaches are particularly well suited to integrated STEAM instruction 
in the context of school-based makerspaces.  
 Due to the high level of overlap between these practices, the research literature 
surrounding the use of project- and problem- based learning provides an initial basis for 
understanding some of the purposes, supports, and constraints that are likely to be 
involved in the implementation of a makerspace. In comparison to the emergent nature of 
empirical research on instructional practices in school-based makerspaces, these two 
methods of instruction are more established within the research literature. As such, the 
research on problem- and project-based learning provides relevant insight into the 
resources and structures that support or hinder similar forms of learning in the context of 
a school-based makerspace.  
Purposes and Learning Objectives in School-Based Makerspaces 
 The purposes and learning objectives of school-based makerspaces tend to 
revolve around the themes of 21st century skills, and attempts to break down barriers 
between traditionally isolated disciplines. Both widely discussed, the terms ‘21st century 
skills’, and ‘interdisciplinary instruction’, have been used to describe a wide range of 
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skills and practices (Kereluik, K., et al, 2013; Herro & Quigley 2017). Commonly used to 
invoke the need to redesign educational systems to address the contemporary context, the 
phrase ‘21st century skills’ requires clear definition if it is to be used as a guiding purpose 
for educational makerspaces. Similarly, scholars researching STEAM have suggested that 
the term ‘interdisciplinary’ though used widely, does not adequately capture the goals of 
STEAM instruction, and requires additional explanation. As such, the following section 
provides a discussion of how these terms are used in the research literature, and how 
these concepts relate to the purposes and objectives of school-based makerspaces. 
21st Century Skills   
 As Allan Collins writes, “Society and work are becoming ever more complex. If 
young people are not educated to deal with this complexity, they will have a difficult time 
thriving in a 21st-century society... They need to see the trends that are shaping the world 
and deal with uncertainty through experimentation, creativity, and improvisation (Collins, 
2017, p. xiii-xiv). In this context, the absence of opportunities in traditional K-12 
instructional contexts for students to engage in self-directed inquiry and collaborative 
problem solving is seriously problematic. While Collins’ statement is applicable across 
disciplines, and indeed suggests the importance of situated, interdisciplinary, or 
transdisciplinary learning, these concerns are perhaps most strongly felt with reference to 
the inclusion of 21st century skills within the STEAM disciplines often involved in 
educational makerspaces.  
 Advocates for improvements to STEM education have argued not only that there 
are dwindling numbers of students interested in pursuing careers in these fields, but also 
that those students who do, are unprepared for the demands and processes involved in 
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their professions (English, et al., 2012). At the same time, researchers in the field of arts 
and design education have noted that the pressures of standardized testing have had a 
negative and limiting impact on teaching and learning in the arts (Davis-Soylu, et al., 
2011). Precisely at a time in which inquiry driven, project-based learning in the STEAM 
disciplines is of critical importance, these methods of instruction have been pushed to the 
sidelines by accountability efforts.  
 Although there is a lack of uniformity in the usage of the phrase ‘21st century 
skills’, Kereluik and colleagues distill the concept through their literature review, “What 
Knowledge is of Most Worth: Teacher Knowledge for 21st Century Learning” (2013). 
These authors conclude that 21st century skills can be understood as three elements 
(illustrated in Fig. 1 below) composed of subcategories as follows: Foundational 
Knowledge, composed of core content knowledge, digital literacy, and cross disciplinary 
knowledge, Humanistic Knowledge, composed of life/job skills, ethical/emotional 
awareness, and cultural competence, and finally meta knowledge, composed of 
communication and collaboration, problem solving and critical thinking, and creativity 
and innovation (Kereluik, K., et al, 2013).   






























With the strong connection between 21st century skills, technological development, and 
the maker movement in education, this framework is useful in providing clarity as to 
what these skills entail. While skills in digital literacy, innovation, collaboration and 
critical thinking from Kereluik’s framework are often cited in relation to the need to 
prepare students for 21st century society (Collins, 2017), other aspects of this framework, 
particularly from the humanistic knowledge domain, are less often prioritized. This is 
also true in the research literature addressing making in education, though authors such as 
Vossoughi and colleagues (2016) have pointed to opportunities to broaden maker culture 
to include more of these humanistic elements. These knowledge domains and associated 
skills provide a useful framework for analyzing the purpose of an educational 
makerspace, and how such a space addresses these skills within a traditional K-12 
context. 
STEM, STEAM and Transdisciplinary Learning 
 As referenced above, makerspaces involve the integration of arts and craft 
materials with tools and practices from the fields of science, technology, engineering and 
mathematics, and as such form part of the larger curricular trend of transforming STEM 
to STEAM through the integration of the Arts. STEAM presents a wide range of 
possibilities in terms of the emphasis on any one of the five STEAM disciplines (Peppler 
& Wohlwend, 2018). Likewise, although they have been associated more often with the 
engineering, or technology strands of STEAM (Halverson & Sheridan, 2014), 
makerspaces are varied in terms of the emphasis on one or more of these disciplines 
(Halverson & Sheridan, 2014; Hira and Hines, 2018). Given the overlap between 
makerspaces and STEAM, many of the issues explored in the research literature on 
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STEAM in the K-12 context are relevant to assessing the impact of teaching and learning 
in a school based makerspace. 
 One of the most salient features of STEAM for 21st century learning is the way 
that the disciplines involved are integrated in authentic problem solving contexts similar 
to those students would encounter in an ideal educational makerspace. In defining the 
characteristics of STEAM, researchers often refer to the concept of transdisciplinary 
learning as a means of describing disciplinary integration in which each discipline has a 
genuine purpose within the project or problem-solving task. Transdisciplinary instruction 
aspires to be a more holistic form of education involving real-life relevance through 
authentic problem solving as well as balanced and meaningful connections between the 
disciplines as they are applied and inform one another (Herro & Quigley, 2017). In fact, 
rather than emphasizing the inclusion of the ‘A’ as the distinguishing feature of STEAM, 
Herro & Quigley, state that “the primary difference between STEM and STEAM is this 
transdisciplinary approach in which authentic problems are explored and students can 
better understand how all things relate to each other.” (2017, p. 417).  
 The concept of transdisciplinarity is specifically defined as distinct from other 
previous definitions of instruction involving more than one discipline. Herro & Quigley 
point out that,  
“Transdisciplinary learning is often conflated with multidisciplinary or 
interdisciplinary learning. Multidisciplinary inquiry includes the 
knowledge/understanding of more than one discipline (e.g. biology and physics), 
while interdisciplinary inquiry uses the knowledge/understandings of one 
discipline within another (e.g. biophysics). As such, multidisciplinary and 
interdisciplinary teaching often focuses heavily on the disciplines versus the 
problem to be solved (e.g. posing an engineering and mathematics problem to 
design a robot). In contrast, transdisciplinarity involves multiple disciplines but 
also includes the possibility of new perspectives ‘beyond’ those disciplines.” 
(2017, p. 419).  
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These authors also define these differences as synthesizing rather than integrating, and 
including opportunities not only to think about the solution to a real-world problem, but 
also to consider “problem choice”. In this way transdisciplinarity seeks to open the door 
for students to explore the complex issues influencing problems that may be 
interdependent or embedded within economic or social justice issues (Herro & Quigley, 
2017, p. 419). This definition of transdisciplinarity provides an ideal reference point for 
evaluating the successful implementation of a maker curriculum. 
 Though it can be challenging in a trandisciplinary context to apply disciplinary 
practices in authentic ways, capitalizing on the connections between STEM and Arts 
practices may facilitate an authentic integration. A number of concepts and practices 
transcend the boundaries between these disciplines, and are commonly associated with 
the work in which students are engaged in school based makerspaces. For example, Lévi-
Strauss’ concept of bricolage, “the science of the concrete” that Turkle and Papert (1990) 
reference in their discussion of different approaches to learning and knowledge creation, 
is also a concept with which artists and art historians are familiar (p. 130), and which is 
frequently used to describe making (Martin, 2015; Calabrese Barton et. al, 2017). The 
arts connection is evident in Julie Caniglia’s article in Artforum describing the exhibition, 
American Bricolage in which she states, “the bricoleur cobbles together bizarrely 
functional if totally impractical objects from materials at hand, more muddled inventor or 
dotty visionary than strategic entrepreneur” (Caniglia, 2001). At the same time, Turkle 
and Papert (1990) acknowledge the history of bricolage being viewed as inferior in 
comparison to formal scientific or strategic methods. Despite this fact the authors point 
out that this conception may be based on a false premise stating that,  
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“Ethnographers of science studying the daily life of the laboratory have found that 
scientific discoveries are made in a concrete ad hoc fashion, and only later recast 
into canonically acceptable formalisms. Scientific biography reveals that Nobel 
laureates relate to their materials in the concrete and tactile style of Lévi-Strauss’s 
bricoleurs.” (Turkle and Papert, 1990 p. 130). 
 
Given that the women in Turkle and Papert’s study tended to favor the concrete and 
relational strategies of bricoleurs, this point is central to their arguments as to the ways 
that “discrimination in the computer culture takes the form of discrimination against 
approaches to knowledge, most strikingly against […] ‘bricolage’” (Turkle and Papert, 
1990 p. 130).  Turkle and Papert’s comparison later in their discussion, of bricoleurs to 
painters, stopping to assess and make decisions in the middle of their work, provides 
additional evidence of the intersection between STEM and arts exemplified in this form 
of knowledge construction (Turkle & Papert, 1990). In the focus on experimentation and 
the manipulation of materials and objects, the process of bricolage provides an additional 
point of transdisciplinary connection, and strengthens the argument for including diverse 
ways of constructing knowledge in building an equitable maker curriculum. 
 As researchers have similarly suggested in reference to STEAM instruction, a 
focus on purpose is essential to determining the ultimate impact and value of a 
makerspace within the curriculum. As Harron and Hughes (2018) have pointed out, while 
the research on makerspaces outside of schools offers valuable insight into learning and 
engagement, it does not provide answers as to how making might support the goals of the 
traditional curriculum or retain its exploratory nature in an environment in which the 
evaluation of learning outcomes is required. In their 2018 study, the authors looked at 
how school-based leaders of makerspace initiatives defined the purpose of their 
makerspaces and programs. The varied emphases of different programs, as well as the 
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institutional barriers related to “standardized testing culture” that Harron & Hughes 
(2018, p. 264-6) described, reveal both the importance of examining disciplinary areas of 
overlap and divergence, as well as the need for continued research that examines purpose 
as it relates to school leadership, teacher expertise, and student experiences.  
 My study continues this line of inquiry and provides additional insight into these 
challenges and opportunities through attention to the ways in which a makerspace is 
integrated within the curriculum at a public Title 1 school, how its purpose is defined, 
and how teachers and school leaders navigate the tensions between more holistic 
interdisciplinary and constructivist forms of learning, and content area standards and 
accountability. This investigation of purpose also serves to highlight the ways in which 
teachers and school leaders’ position the makerspace in relation to traditional disciplinary 
cultures and hierarchies, as well as the ways of knowing, being and making that have 
been historically marginalized within the STEM fields. The multiple perspectives in the 
literature on makerspaces as to the educational purposes they serve, leave room for a 
wide range of interpretations of the purpose of school-based making, from providing 
access to technological skills and opportunities for economic advancement (Dougherty, 
2013), to more humanistic goals such as developing students’ capacities as agents of 
change (Tishman & Clapp, 2017; Barajas-López and Bang, 2018) This study contributes 
to achieving greater clarity within this area of research by documenting the intended 
purpose of a makerspace within a public middle school curriculum, along with teacher 




Equity and Representation 
 While making and makerspaces hold the potential to create more equitable STEM 
outcomes and access, whether or not they realize this potential in practice depends 
significantly on how these spaces are conceptualized, and what traditions of making are 
valued. The research of authors such as Calabrese Barton and colleagues (2008) or 
Pinkard and colleagues (2017) provides relevant empirical evidence of the inclusion of 
traditionally marginalized students within the broader context of research on STEM 
learning. The work of these authors supports the argument that in order to be inclusive, 
makerspaces and maker culture must be more broadly defined and welcoming of 
traditionally marginalized ways of being and knowing. The elevation of the STEM 
disciplinary cultures in making can create an environment in which students who tend to 
think and learn in a way that is more aligned with the disciplinary culture and practices of 
making in the arts, for example in their preferences for approaching problems through a 
focus on relationships, expression, cultural phenomena, or intuitive experimentation, are 
at a disadvantage relative to peers who have a greater affinity with the logical-
mathematical and evidence based culture of STEM. In this sense, despite the intention of 
increasing inclusion and engagement, students may still feel pressure to assimilate within, 
rather than transform STEM through their maker experiences.  
 This pressure to assimilate rather than transform, relates directly to the 
engagement of underrepresented students in educational makerspaces. As Pinkard and 
colleagues (2017) note, “interest development, particularly for marginalized and 
stereotyped youth, is not simply an individual accomplishment or a discrete activity but a 
social and interactional process that is often mediated by how students perceive the 
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valued ways of knowing and being of a given practice or discipline in relation to the ways 
of knowing and being with which they already identify” (p. 481). This is particularly 
important in the context of making, due to the fact that the surrounding maker culture has 
a strong association with white, male and middle class practices and values. In order to 
integrate makerspaces meaningfully and equitably into the K-12 environment, engaging 
with identity, interest, and diverse ways of knowing and being must be addressed directly 
at all levels of practice surrounding the makerspace. The type of involvement with these 
issues of inclusivity, through decisions and conversations involving school leaders, 
teachers and students may support or hinder the inclusion of marginalized or stereotyped 
youth.  
 As Pinkard (2017) suggests, the inclusion of historically marginalized youth 
relates directly to the ways that students’ participation is mediated by understandings of 
the practices and forms of knowledge that are valued. Calabrese Barton and colleagues 
(2017) echo this concern within the context of making specifically, stating, “We wonder 
if individuals who do not see their cultural repertoires of practice reflected in 
makerspaces—in the people, practices, tools and artifacts produced--- will be attracted to 
makerspaces” (p.7). A more balanced maker curriculum could offer the opportunity for 
students with differing thinking and learning approaches, and varied racialized, gendered 
and disciplinary identities, to engage in a process of mutual adaptation and influence, 
opening avenues for greater diversity in terms of whose skills and ideas shape STEM 
knowledge. Given the emergent nature of research in this field, the question remains as to 
what specific practices and characteristics of school-based makerspaces are most 
conducive to achieving this transformative potential. As such, the equitable outcomes 
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associated with makerspaces remain the subject of debate and are a topic for continued 
inquiry within the research literature.  
 Authors who focus on the importance of achieving equitable outcomes point to 
the fact that in order to support the inclusion of historically marginalized youth, 
makerspace leaders must recognize the skills and knowledge that students bring to the 
space and value those skills as essential to the experience of making (Calabrese Barton et. 
al, 2017). As Barajas-López and Bang (2018) state, “how the field conceptualizes, 
narrates, and positions the current generation of making with historicized, everyday, or 
currently othered forms of making is critically important if making is to have expansive 
and consequential impacts, particularly for youth and communities” (p. 8-9). These 
important concerns relate directly to the epistemologies privileged in makerspaces as 
educational settings, as well as the pedagogical approaches and learning goals that shape 
students’ activities and interactions in these spaces. These areas are crucial to 
understanding the issues investigated in this study, from teachers’ and school leaders’ 
conceptualizations of the makerspace, to the kinds of activities and materials that these 
conceptualizations involve, and teachers’ and students’ perspectives on their ultimate 
impact. 
Consequences of Epistemological Bias 
 One of the primary ways in which school-based making practices are likely to 
perpetuate traditional patterns of inclusion and exclusion is through an epistemological 
bias towards linear scientific methods of generating knowledge that are based in 
traditionally white and male ways of thinking and being. This deeply entrenched and 
persistent cultural belief that linear scientific reasoning is the only truly effective means 
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of generating knowledge limits the possibility of achieving what Turkle and Papert term 
“epistemological pluralism” (Turkle & Papert, 1990). While other forms of knowledge 
exist, such as those pursued through arts and humanities, qualitative social science 
research, indigenous onto-epistemologies, or by Turkle and Papert’s technological 
‘bricoleurs’, they are framed as inferior and often justified in terms of their 
approximation of the knowledge construction of linear mathematical or natural science 
methodologies.  
 This hierarchical relationship not only privileges a form of knowledge associated 
with dominant anglo-centric and male gendered knowledge traditions, but also limits the 
possibilities of developing knowledge and solving problems in a way that addresses the 
diversity of needs and experiences within our society. Michael Young states, “If STEM 
subjects are the nearest we can get to universal knowledge (for example, physics is the 
same everywhere), it could be argued that they are in principle ‘democratic’ in that they 
do not rest on the cultural assumptions of any particular group but only the reliability and 
objectivity of their concepts and methods.” (Young, 2013, p. 232-3). This idea that 
STEM is inherently democratic is based on a false premise of universality, as well as 
objectivity. This notion of universality is shifting even within the sciences. As Davis and 
Sumara point out, “Among scientists, current discussions of the natures of scientific 
inquiry and scientific fact are coming to be oriented by a realization that the cultural 
project of knowledge-making must be understood in terms of the complicity of the 
researcher in knitting the fabric of relations through which knowledge claims are 
rendered sensible and significant (see, e.g., Maturana, 1987; von Foerster, 1995; Latour, 
1996). In brief, the suggestion is that there are no observerless observations or 
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measureless measurements.” (Davis & Sumara, 2005 p. 314). Contrary to Young’s claim, 
as evidenced by the disproportionate representation of white men in STEM fields and 
makerspaces, it could be argued that these disciplinary practices are anything but 
democratic.  
 This undemocratic nature is often replicated and reinforced in the educational 
context. Turkle and Papert describe the exclusionary effect of privileging the formal 
abstract thinking that currently typifies STEM disciplines in their discussion of the 
rejection and denigration of concrete and relational thinking favored by hands-on 
‘bricoleurs’ in favor of the formal abstract thinking of distanced planners. In their study, 
mostly female students were criticized or discouraged from applying concrete or 
relational thinking by their mostly male teachers and peers who favored the abstract 
approach of distant planners (Turkle & Papert, 1990). Though it is a generalization and 
not a rule, the majority of students who preferred the concrete and relational approach 
were female, while the distanced and abstract planners were more often male (Turkle & 
Papert, 1990). For this reason, it is important to acknowledge that though they may be 
powerful and widely applicable, STEM disciplines as they are currently defined are 
nonetheless powerful largely because they are situated in a wider context of meaning and 
relationships that allow them their privileged status. As such, the issue to consider in 
developing maker curricula, and aiming for equity is not just one of access, as Vossoughi, 
Hooper & Escudé have pointed out (Vossoughi, et al., 2016). In order to achieve equity, 
the purpose of the makerspace should not be to encourage students from 
underrepresented groups to think more like the members of the privileged group. The 
purpose of the space should instead include the project of critically examining and 
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redefining knowledge within these fields to include the traditions and practices of 
excluded groups. This represents another area of critical inquiry within the context of this 
study as to how purpose is defined, and how school leaders support teachers and students 
to develop an inclusive culture of making and learning.  
Critical Maker Pedagogy 
 To align with this pluralistic approach to knowledge and learning, the creation of 
a maker curriculum should be guided by an understanding of the roles that different 
disciplines play in society, their historical relationships to power and identity, their 
contributions to solving problems, generating and sharing knowledge, and opening 
avenues for communication and understanding. As Barajas-López and Bang (2018) state, 
“developing makerspaces that can support transformative learning for youth from 
non-dominant communities requires developing pedagogies that include: (1) 
critical analysis of educational injustice; (2) historicized approaches to making as 
cross-cultural activity, (3) explicit attention to pedagogical philosophies and 
practices, and (4) ongoing inquiry into the socio-political values and purposes of 
making.” (p. 9).  
 
These authors also problematize the cultural context from which the maker movement 
emerged and its roots in capitalist relationships to materiality and making. Barajas-López 
and Bang argue for a reconsideration of the relationships with nature, culture and 
materials involved in making and,  
“propose that onto-epistemic constructions of nature-culture relations are central 
to making because they shape culturally and socio-politically consequential 
constructions, orientations to, and practices with materiality. What is defined as 
“material” and how relations to particular materialities are narrated and enacted 
are reflective of knowledge systems. Given the challenges of the 21st century are 
largely reflections of problematic constructions of materiality seeped in human 
entitled nature-culture relations leading to unsustainability, we suggest that if 
makerspaces are serious about transformative and equitable learning, they must 
take seriously the kinds of material relations (i.e., capitalist markets and resource 
extraction) undergirding maker activity.” (Barajas-López & Bang, 2018, p. 9).  
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Within the dominant framing, the connections between making and the surrounding 
capitalist culture are typically viewed as positive, for example in narratives emphasizing 
their benefits in terms of technological-economic advancement or career pipelines 
(Dougherty, 2013). Problematizing these assumptions through the critical approach that 
Barajas-López and Bang recommend parallels the recommendations of scholars such as 
Guyotte and colleagues in relation to educational purpose within the broader context of 
STEAM.   
 Capturing a wide range of arts practices, and re-conceptualizing engineering not 
as “driven by capitalistic and militaristic goals” but rather contributing to a more just 
society, Guyotte and colleagues (2014) identify the overarching themes of social practice 
as “engaging with or collaborating with a public, working across a variety of 
disciplines…” and relating to a broad audience (p. 13). These authors suggest that this 
focus would allow students to approach STEAM learning with a social justice lens, 
identifying real problems that are personally meaningful, and applying content area 
knowledge as well as their own knowledge from outside of school contexts to creating 
positive change (Guyotte et. al, 2004). In this way, conceiving of making as social 
practice would allow for the exploration of authentic problems as sources for design 
based solutions that incorporate social and environmental justice oriented goals while 
providing opportunities to learn across the disciplines. 
 These authors demonstrate the importance of conceptualizing making in a way 
that includes a critical awareness of issues pertaining to social justice, inclusion and 
equity. In terms of transforming STEAM disciplinary cultures and achieving equitable 
educational outcomes, these issues are central. However, despite the strong arguments for 
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these values to serve as the drivers of STEAM and maker curricula, in a field that is often 
dominated by the values of technological and economic advancement their importance is 
not consistently recognized. Moreover, empirical evidence of how teachers in a public K-
12 environment might approach issues of equity through their work in makerspaces is 
limited. In the context of this study, these authors’ suggestions relative to the connection 
between social justice and conceptualizations of STEAM and making provide a useful 
starting point for evaluating the ways in which the makerspace may or may not align with 
this transformative agenda. Through attention to teachers’ and school leaders’ decision-
making, planning, and conceptualizations of the makerspace, this study will provide 
valuable data as to the ways in which these critical dimensions of making are addressed 
within a traditional K-12 context. 
Organizational Context 
 Finally, in considering how these practices are adapted and implemented within 
the school context, this study draws upon research positioning teachers, school leaders, 
and students as active agents in processes of change. Makerspaces, and transdisciplinary 
instruction in particular, require active collaboration, intentionality and dedication on the 
part of the teachers and school leaders responsible for their success. This is evident in the 
research literature on makerspaces and STEAM specifically, as well as in the research 
that addresses teachers’ and school leaders’ roles in processes of educational change 
more broadly. Additionally, while agency has been identified in the research on 
makerspaces as a key benefit for students (Tishman & Clapp, 2017), this is usually 
discussed relative to students’ interest-driven identification of problems, and problem 
solving. In fact, students themselves also play an active role in shaping the ‘mutual 
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adaptation’ process (McLaughlin, 2013) that occurs as administrators and teachers 
implement a curricular innovation and adapt it to their local context. The following 
section presents a discussion of the literature related to teachers and school leaders’ roles 
in creating this type of curricular change, as well as the literature emphasizing the 
important role of the students themselves.  
STEAM Curricula and the Work of Teachers and School Leaders 
 Achieving transdisciplinary STEAM instruction in the context of a school-based 
makerspace requires a shift in the role of the teacher that can be challenging due to 
teachers’ experience, knowledge or external circumstances. This shift may occur to 
varying degrees based on variations in these conditions. On one end of the spectrum, Kim 
describes the role of the teacher in STEAM instruction as a “co-researcher” with his or 
her students (Kim, P., 2016). The pedagogical shift Kim observed while studying 
STEAM teaching at the high school level, required the teacher to function in much the 
same way a research project manager would in a professional context, with similar 
expectations as to the presentation or publication of culminating projects (Kim, P., 2016). 
In contrast, although Herro and Quigley also note that a shift in the role of the teacher is 
necessary to support the problem based aspects of transdisciplinary teaching (2016a) they 
describe teachers ‘remixing’ educational practices (2016b) as an initial step in a gradual 
process of moving towards transdisciplinary instruction. In this case the authors describe 
teachers as tinkering with traditional instructional practices to approximate 
transdisciplinarity, rather than making dramatic changes to adopt new forms of pedagogy 
that would more closely resemble their transdisciplinary ideal (Herro & Quigley, 2016b). 
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 Relatedly, many of the studies on STEAM teaching specifically address the need 
for strong professional cultures of collaboration and risk-taking. Jho and colleagues 
(2016) found that although teachers had difficulty communicating with teachers of other 
subjects or disciplines, strong collaborative practices in which teachers rotated roles and 
built on each other’s strengths were key components of successful STEAM 
implementation. With respect to the difficulties due to differences between disciplines, 
the authors emphasized the importance of shared visions as to the purpose of STEAM, 
and investment in an ‘innovative’ atmosphere (Jho et.al, 2016, p. 1856). Hunter-Doniger 
and Sydow (2016) also noted the importance of a professional culture supporting risk-
taking and productive failure, as well as a shared vision of the characteristics and value of 
STEAM as a supportive condition for collaboration. 
 From a leadership perspective, the necessary logistical and structural dimensions 
of implementing STEAM, such as scheduling, flexible pacing, and adequate planning 
time, have often been cited by researchers as constraints rather than successfully 
implemented supports. Although Jho and colleagues (2016) noted abundant time as a 
supportive condition for implementation, (2016), Herro & Quigley (2016a), and Jamil 
and colleagues (2017) all referenced the challenges teachers experienced relative to 
planning and pacing time constraints that inhibited their abilities to effectively implement 
an inquiry-based STEAM curriculum. Herro & Quigley also noted that in addition to 
challenges related to following district established pacing guides, the collaborative nature 
of STEAM projects made it challenging to align these practices with existing 
individualized methods of student assessment (Herro & Quigley, 2016a; Herro & 
Quigley, 2016b). These challenges pointed to the need for school leaders to adjust 
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external structures such as schedules, pacing guides, and assessment procedures as well 
as the need for model lessons or curriculum guides that could facilitate more efficient 
planning (Jamil et.al., 2017; Park et. al., 2016; Herro & Quigley, 2016a; Herro & 
Quigley, 2016b). While these findings related to STEAM more broadly, they are directly 
applicable to understanding the leadership decisions that are likely to impact the 
interdisciplinary, collaborative STEAM learning environments found in educational 
makerspaces. 
Teachers  
 In relation to the integral role of teachers in shaping STEAM and makerspace 
curricula as described above, this study also draws upon research from the field of 
educational change in which teachers are positioned as agents of change (Datnow 2002; 
Owston, 2007). Makerspaces present the possibility of opening up avenues within the 
traditional curriculum for teachers to engage their students in interdisciplinary and 
project-based learning (Hira & Hines, 2018). With attention given to how these different 
ways of thinking and learning relate to the participation of a diverse range of students, 
makerspaces also hold the potential to include students who have been historically 
underrepresented in STEM (Halverson & Sheridan, 2014). However, making the 
transition to student-centered and interdisciplinary forms of instruction, and navigating 
socio-cultural issues of inclusion and marginalization require teacher interest and 
engagement in professional learning and reflection (Kafai, 2018; Sawyer, 2014; Horn & 
Kane, 2015).  
 As Amanda Datnow (2002) has noted in her research on the sustainability of 
educational reforms, in making shifts such as these, teacher ‘buy-in’, or the degree to 
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which teachers understand and embrace new programs or practices is critical. Stating that 
maker activities in the classroom require “a combination of developing pedagogy, 
increasing technical mastery, and building professional community”, Yasmine Kafai 
(2018, p. 4) has also emphasized the important role of teachers in the incorporation of 
makerspaces within the traditional school context. In fact, Harron and Hughes have 
pointed to possibilities for growing teacher leadership through the implementation of 
makerspaces suggesting that, 
“The introduction of makerspaces in K-12 education may represent a unique 
leadership and adoption example because makerspaces are largely being added to 
schools by librarians and teachers who are passionate about the topic. As such, 
establishing K-12 makerspaces could represent a distributed form of technology 
leadership where experienced educators have chosen to take on a role of “leading 
from the middle”(Fullan, 2016)” (Harron & Hughes, 2018, p. 256) 
 
Given these trends, investigating teachers’ perspectives on the purpose, as well as the 
possibilities, limitations and professional decision-making involved in integrating making 
with the rest of their curriculum will intentionally shine a light upon the relationship 
between the makerspace and the development of teachers’ professional capital 
(Hargreaves & Fullan, 2012). Engaging with teachers’ relevant experiences, beliefs and 
concerns is vital in order for researchers, school leaders, and policy makers to understand 
the conditions under which teachers are able to make the most effective use of a school-
based makerspace and lead this pedagogical shift.  
School Leaders  
 In acknowledgement of the importance of the principal’s role in promoting 
effective teaching practices and influencing student learning outcomes (Fullan, 2014), the 
relationship between the perspectives of teachers’ and those of school leaders will 
contribute to a more complete picture of the makerspace and its intended educational 
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purpose. As McLaughlin (2013) points out in his discussion of similar forms of curricular 
change,  
“unless participants perceived that change-agent projects represented a school and 
district educational priority, teachers were often unwilling to put in the extra time 
and emotional investment necessary for successful implementation. Similarly the 
attitudes of teachers were critical, unless teachers were motivated by professional 
concerns (as opposed to more tangible incentives such as extra pay or credit on 
the district salary scale for example), they did not expend the extra time and 
energy requisite to the usually painful process of implementing an innovation.” 
(pp.197).  
 
This points to the importance of organizational factors in understanding the 
implementation of a makerspace as a curricular innovation. Situating teachers’ 
conceptualization and use of the makerspace within the organizational context created by 
school leaders, this study also draws from the work of scholars such as, Viviane 
Robinson (2013), Helen Timperley (2011), and Ken Leithwood, and Karen Seashore 
Louis (2011), whose research on school leadership emphasizes principals’ and assistant 
principals’ impact on teachers, instruction, and student learning (Fullan, 2014). These 
researchers’ findings underscore the importance of investigating how leaders and teachers 
perceive, define and make use of the makerspace in order to understand how this space 
functions within the curriculum and as an integrated feature of the school as a learning 
organization. 
Student Experiences and Perceptions 
 Although students themselves are less often considered as active agents in the 
process of educational change (Fielding, 2001), particularly given the research 
demonstrating the power of makerspaces to build student agency (Tishman & Clapp, 
2017), students should be considered as active agents in determining their educational 
outcomes. The research of scholars such as Moje and colleagues (2004) also supports an 
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additional focus on student perceptual data. These authors have discussed the relevance 
of identity, Discourses, and funds of knowledge to the development of content area skills 
and literacies (Moje et al., 2004). Moje and colleagues (2004) propose the concept of 
‘hybrid’ and ‘third spaces’ as a way of articulating the importance of the ways of being 
and knowing that students bring to the classroom, and how the interaction between 
different funds of knowledge and Discourses influences students’ production of new 
knowledge. Like the science learning context that these authors describe, makerspaces 
also involve “highly specialized area[s] of study, with a number of unique discursive 
conventions, and with particular assumptions about what counts as knowledge” (Moje et. 
al, 2004, p. 41).  
 As evidenced in the critique of maker culture as overwhelmingly white and male 
(Vossoughi et al., 2016) these conventions and assumptions may be challenging to 
integrate with the “out-of-school funds of knowledge and Discourse” of students who 
have been traditionally underrepresented in STEM. However, it is in the integration of 
these various funds of knowledge that makerspaces have the potential to serve as the 
‘third spaces’ that Moje and colleagues (2004) describe. The authors state that ‘hybrid’ or 
‘third spaces’ are the result of the “integration of knowledges and Discourses drawn from 
different spaces… that merge the “first space” of people’s home, community and peer 
networks, with the “second space” of the Discourses they encounter in more formalized 
institutions” (p. 41). Given the interdisciplinary nature of makerspaces, as well as the 
danger of reinforcing traditional socio-cultural hierarchies within the disciplines 
involved, student reports of interest, engagement, affinity, participation, and confidence 
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with respect to the makerspace are particularly pertinent to understanding whether or not 
a “productive hybrid cultural space” (Moje et. al, 2004) has in fact been achieved. 
 Although researchers are beginning to examine the relationship between 
leadership and K-12 makerspaces, there is limited empirical research on leadership and 
instructional decision-making involved in implementation (Harron & Hughes, 2018). 
Additionally, while there is growing evidence of their positive impact in terms of 
broadening student engagement, participation and achievement within STEAM 
disciplines (Halverson & Sheridan, 2014; Kafai, 2018), much of this research is based on 
educational makerspaces in the context of informal learning environments, and there is 
less documentation of student preferences and attitudes towards making as a part of the 
traditional K-12 curriculum. Additionally, researchers who have examined the integration 
of making within the K-12 curriculum have specifically noted the challenges tied to the 
incompatibility of making with standardized curriculum and assessment practices 
(Harron & Hughes, 2018). While the existing research is informative and supports the 
promise that makerspaces hold for shifting instructional practices and broadening 
participation in STEAM, numerous questions remain as to how to ensure that students 
benefit from the most effective and equitable use of a school-based makerspace.  
 As evident in the research literature describing the adoption of new practices or 
innovations within the K-12 context, school leaders, teachers and students all contribute 
to the success and sustainability of such a change. Indeed, some of the most pertinent 
questions regarding the impact and feasibility of maker programs within the traditional 
K-12 context relate to how organizational conditions support or hinder the creation and 
sustainability of a makerspace, as well as the ways in which teachers’ and school leaders’ 
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priorities and conceptualization of the space discourage or facilitate student learning and 
equitable engagement. Informed by the literature on the roles of teachers, school leaders, 
and students in processes of educational change, this study addresses these areas of 
concern by examining the leadership and instructional decisions that surround an active 
school-based makerspace, as well as the ways that different stakeholders perceive the 
purpose of the space in relation to student learning. 
Summary 
 School-based makerspaces present the promise of expanding and diversifying 
STEAM disciplinary cultures and learning, while at the same time they require attention, 
resources, and active engagement on the part of multiple stakeholders to create this 
curricular change. Without critical awareness of the challenges that may undermine its 
potential, a school-based makerspace is unlikely to achieve these goals. In addition to the 
leadership and instructional skills required of teachers and school leaders, 
conceptualizing the purpose of the space as including an expansion of the forms of 
knowledge and ways of being that are valued within STEM is central to the task of 
creating an effective and equitable maker curriculum.  
 A lack of epistemological pluralism (Turkle & Papert, 1990) in educational 
makerspaces is problematic not only because it is unlikely to lead to inclusive and 
effective practices, but also because it disguises the fact that scientific empiricism and 
formal rational thinking are also shaped by dominant cultural values, biases and 
hierarchies that limit the potential for generating alternative solutions through other ways 
of generating knowledge. A more robust consideration of both the epistemological 
practices of Turkle and Papert’s bricoleurs (1990), as well as the indigenous making 
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practices described by Barajas-López & Bang (2018) could facilitate the learning of a 
diverse group of future makers. Additionally, similar to Guyotte and colleagues’ (2014) 
proposal for STEAM curricula, framing making as social practice aligns with these 
broader epistemological foundations, and increases the potential for makerspaces to serve 
as inclusive sites of transdisciplinary learning. This requires the active participation of 
students, teachers and school leaders as agents of curricular change. With this shift in 
focus, maker curricula may equip students with the capacity to produce innovations 
reflective of the diversity of society.  
 Rather than seeing the tensions in maker culture as a weakness, it is in actively 
engaging with different modes of thinking and knowing, that maker curricula have their 
strongest potential to support transformative learning and inclusive pedagogy. However, 
this involves critical work on the part of teachers, school leaders and students. While 
issues related to epistemology, identity, and disciplinary culture are discussed in the 
research literature, there is little existing research specifically examining these issues in 
light of the perspectives of the multiple school level stakeholders that interact with a 
school-based makerspace. As such, this study serves to provide insight into ways that 
purposes, decision-making, and perceptions at the leadership, teacher, and student levels, 
shape the role and impact of the makerspace in the curriculum. Framed by the research 
literature discussed in this chapter, in this study I investigate how the perspectives and 
experiences of these three groups of stakeholders relate to the broader transformative 
goals of shifting the maker curriculum and STEAM disciplines towards a social justice 






 In this chapter I present the methodology that I have employed in this case study 
of a school-based makerspace. This inquiry addressed the perceptions and experiences of 
students, teachers and school leaders regarding the purpose and role of the makerspace in 
the curriculum as well as the supports and constraints that influenced its implementation. 
In approaching these areas of inquiry I sought to answer the following four research 
questions: 
1. How do teachers and administrators conceptualize the purpose of the 
makerspace? 
2. What opportunities and constraints do teachers and administrators perceive 
relative to the implementation of the makerspace? 
3. How do teachers and administrators construct the role of the makerspace 
within the school?  
4. How do students perceive the role of the makerspace in relation to their 
learning? 
 I explored these questions through a single site “case study” (Yin, 2003) of a 
middle school makerspace in which I engaged school leaders, teachers and students as 
participants through interviews, observations and surveys. I gathered the perspectives of 
school leaders through individual interviews, teachers through individual and small group 
interviews, and observations, and students through a likert type survey. These interviews, 
surveys and observations allowed me to draw connections between teachers’ and school 
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leaders’ interpretations of the makerspace’s purpose, and students’ experiences. This case 
study approach highlighted the relationships between the larger curricular conversations 
motivating teachers and school leaders to develop and use the space, and the individual 
understandings and experiences that situated the makerspace within its curricular and 
organizational context.  
School Context 
 In designing this study, I have sought to contribute to the emerging body of 
empirical research documenting the leadership and organizational contexts of school-
based makerspaces. Specifically, I sought to provide evidence of the degree to which 
instructional leadership, teacher’s practice, and students’ experiences and perspectives 
were aligned. As such, I have conducted a case study of an interdisciplinary project-based 
makerspace unit within a small public Title 1 Middle School (serving grades 6-8). 
Initiated by the previous principal, the makerspace within this school was sustained by 
subsequent principal who at the time of this study was in her 2nd year in that role. The 
school that provided the site for this case study is located in a community of 
approximately 30,000 residents, just outside of a major U.S. city. A single site case study 
was a particularly appropriate methodological approach given the explanatory and in-
depth nature of my research questions regarding the curricular role and impact of the 
space (Yin, 2003). Providing the opportunity to generate a holistic understanding of the 
role of the makerspace through self-reported as well as observational data spanning the 
perspectives of school leaders, teachers, and students, this approach allowed me to 
capture the perceptions and conceptualizations of purpose held by various stakeholder 
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groups engaged with the school-based makerspace as an integrated component of the 
curriculum.  
 Researching the perspectives of school level stakeholders engaged with this 
curricular unit allowed for the inclusion of nuanced perceptual data generated through 
interviews, observations and surveys representing the experiences and understandings of 
school leaders, teachers, and students. Through these various instruments I have 
examined the overall institutional context in relation to 26 students’, 8 individual 
teachers’ and 3 instructional leaders’ experiences with, and perspectives on the 
makerspace. I selected the school based on its commitment to refining its established 
makerspace program as an integrated component of its curriculum, as well as its status as 
a culturally and linguistically diverse community. These characteristics were particularly 
important with respect to designing a research investigation that aligned with existing 
claims as to the benefits of makerspaces for students underrepresented in STEAM. The 
project-based unit described here represents only one of numerous varied ways in which 
a makerspace might be integrated with the curriculum (Harron & Hughes, 2018). 
However, in other respects the makerspace unit at this school represents a typical case 
(Patton, 1990) of school-based maker curricula in that it was implemented within the 
context of an established makerspace within a public school that performs at or below the 
state average in terms of test based accountability measures, and represents a diverse 
community that is neither extremely affluent, nor extremely economically disadvantaged. 
Lastly, this research employs an “instrumental case study” approach (Stake, 2005) given 
that the investigation of this single site provides insight into the broader context of 
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making within K-12 schools, and facilitates understanding of structural issues that are 
involved in the process of adapting makerspaces for the public school context. 
Demographics 
 In terms of specific demographics, approximately 20% of the residents of the 
community in which the school is located were born outside of the United States, and 
about one third of the students within the district speak a language other than English as 
their first language. Of the approximately 500 students enrolled in the school, 
approximately half are identified by the state as falling into the ‘high needs’ category, 
with approximately one third of the students identified as economically disadvantaged. 
While the majority of students in the school have identified as White (approximately 65% 
of students), the school’s overall racial and ethnic diversity includes an additional 15% of 
students who have identified as Hispanic/Latinx, 9% as Asian, 5% as African 
American/Black, 5% as multi-race/non-Hispanic/Latinx, and 1% Native American or 
Pacific Islander. The school administration consists of one principal and one assistant 
principal who supervise approximately 80 teachers and support staff. Of these staff 
members, all are identified as White except one, and approximately 75% are identified as 
female, with the remaining 25% identified as male. 
Curriculum 
 As a public Title 1 school, subject to state and national expectations regarding 
accountability, the curriculum was aligned with state curriculum frameworks and 
assessment materials. As such, teachers and school leaders had developed a school 
improvement plan intended to meet academic targets as established by state testing and 
national accountability requirements. At the time I conducted this study, the school had 
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been classified as needing intervention and support due to low subgroup performance 
among students who identified as Asian. Otherwise, the school had achieved mixed 
results and was meeting accountability targets in areas such as mathematics achievement 
growth among students classified as EL and former EL, as well as African-
American/Black students, while slightly underperforming with respect to targets in most 
other areas. 
 Though curriculum materials were adopted district-wide, given their leadership 
roles within a relatively small district with only one middle school, the principal and 
assistant principal were active in the process of selecting and implementing new 
curricula. This included the implementation of the school makerspace. Although it was 
not a district-wide program, the principal and assistant principal had been successful in 
securing district resources that supported the creation and maintenance of the 
makerspace. These included material resources such as technological tools and devices 
such as makey-makey kits, electronics and crafting supplies, and a 3-D printer, as well as 
human resources, in terms of professional development workshops, and a full-time 
makerspace teacher-facilitator.  
 Located inside of the school library, the makerspace was supervised and 
maintained by a maker teacher-facilitator, but was not typically open during the school 
day for independent student use. There were hours before and after school during which 
students could choose to participate in maker activities, or just spend time in the 
makerspace with the supervision of the facilitating teacher. During the school day, the 
makerspace was available to students during class periods in which their teachers choose 
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to incorporate making with their instruction. This was arranged at the discretion of 
individual teachers, or as part of a larger project.  
 In the case of the interdisciplinary curricular unit that provided the specific 
context for this study, a team of teachers representing half of the 7th grade cohort 
organized access to the space. This unit took place over the course of 3 months, and 
involved the active collaboration of teaching faculty across the humanities and STEM 
disciplinary areas. The project was initially supported by an external organization that 
provided a model unit plan that teachers then used as the basis for the inquiry-based 
collaborative project that evolved over the multiple years in which teachers taught the 
unit. 
Participants 
 This study employed purposeful sampling to ensure a diverse representation of 
perspectives across the range of individuals involved in the makerspace curriculum at the 
school site (Miles & Huberman, 1994). In order to target teachers that were actively 
involved with the makerspace, teacher participants were selected from a grade level 
cluster in which the cohort of students and teachers were engaged in the interdisciplinary 
unit described above. With suggestions and facilitation from the assistant principal, I 
communicated through flyers and via direct e-mail to recruit seven teachers from a range 
of subject areas. I also recruited one makerspace specialist/facilitator (employed by the 
school under a paraprofessional contract), two school administrators, and one district 
administrator. In addition, through a flyer and short presentation of information 
describing the study, I recruited 26 students from the grade level cohort that was 
participating in the interdisciplinary makerspace unit.  
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Data Sources 
 Beginning in April of 2019, over the course of the final 3 months of the school 
year, and the first 3 months of the following school year, I engaged in individual semi-
structured interviews with teachers and administrators, one focus group interview with a 
small group of teachers, and observations in the makerspace and in teachers’ classrooms 
during the project-based unit. Following the culmination of the project-based unit, I also 
administered a student survey using a likert type scale and 4 open response questions. 
Including these multiple data sources allowed me to triangulate self-reported interview 
data from teachers and school leaders with observational data and self-reported data from 
student survey results (Maxwell, 2013). This allowed me to ensure construct validity 
(Yin, 2003) and to determine any inconsistencies between the ways in which different 
participants described similar situations, concepts, or ideas related to their interactions 
with the makerspace. Additionally, these multiple sources provided the opportunity to 
generate data and inferences that would be difficult to achieve through interview alone, 
due to participants’ reluctance to discuss certain topics, or lack of awareness on the part 
of interviewees reporting on their own experiences, beliefs or understandings (Maxwell, 
2013).  
Interviews 
I began by conducting individual semi-structured interviews with the makerspace 
facilitator, principal and assistant principal, and subsequently the teachers directly 
involved in the project based unit. Although she was not directly involved in teaching the 
unit, based on the relationship between Art, making, and STEAM, I included an 
interview with the art teacher. Each interview was audio-recorded and approximately 30-
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45 minutes in length. During these interviews I followed a set of questions guided by the 
overarching research goals, as well as initial observations. The interview protocols for the 
individual interviews with School Leaders as well as the individual and focus group 
interview protocols for the interviews with teachers are included in Appendix A.  
The interviews with the principal and assistant principal took place during the first 
month of the study so as to provide initial data situating the makerspace within its 
organizational context. These interviews were aimed at understanding the purpose of the 
makerspace as defined by school leaders, as well as the supports and constraints that 
these leaders experienced with regard to implementing and maintaining the makerspace 
as a part of the curriculum. During these interviews I asked the principal and assistant 
principal questions such as, “What is the history of the space? What were the factors that 
led to its creation?” and  “What is making? How do you feel that the makerspace 
connects with broader school-wide goals and vision for learning?”. Asking these school 
leaders to define making provided insight into the degree to which their conceptualization 
of making was inclusive, as well as the alignment between their definition of making and 
its implementation within the school. In these interviews I also sought to understand 
school leaders’ perspectives on equity in making through direct questions such as, “What 
is your understanding of whether or not differences in students’ backgrounds according to 
SES, gender, race, or other variables impact their participation in the makerspace?” In 
addition to understanding these leaders’ visions for making, and their approaches to 
ensuring equitable opportunities, I also sought to understand how their financial and 
operational decision-making related to the makerspace program. As such I also asked 
school leaders to describe the ways in which they supported the makerspace through their 
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leadership decisions with questions such as, “In what ways do leadership decisions 
regarding the allocation of resources support the makerspace? What is most challenging 
about sustaining the makerspace? What school or district factors are most supportive of 
the makerspace?” Conducting these interviews with school leaders at the beginning of the 
study allowed for adjustments to interview questions with teachers based on their 
statements, and grounded subsequent data generation within the organizational context. 
These interviews also provided the opportunity to examine the alignment between 
teachers’ and school leaders’ experiences and visions for the space. 
In order to allow teachers the opportunity to reflect on their most recent 
experiences with making, I conducted teacher interviews towards the end of the unit and 
school year. Due to logistical constraints and participants’ preferences, I interviewed the 
Math, Science, ELL and Art teachers individually, while the English, Social Studies and 
Special Education teachers participated in a focus group interview following a similar 
protocol (included in Appendix A). The purpose of the interviews was to gain an 
understanding of how teachers conceptualized the purpose of the makerspace, how they 
themselves related to making and the disciplines involved, and how they integrated 
making with other components of their instruction and curricular planning. Questions 
such as, “What is making? What do you see as the purpose of the makerspace? What do 
you find beneficial or challenging about interdisciplinary collaboration, or working with 
colleagues from other disciplines? Do you think that all students feel equally comfortable 
or engaged in the lessons in the makerspace, or do you think that there are differences in 
how students from different backgrounds, or of different genders engage or participate?” 
and “How does the school or district support your use of the makerspace?” elicited 
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teachers’ reflections on purpose, collaboration, equity, and organizational supports and 
constraints in relation to making.  
Through questions directed at understanding teachers’ personal and instructional 
preferences with respect to making activities and tools, I generated data that I could then 
compare with the student level data regarding similar preferences to examine possible 
areas of implicit or unacknowledged bias. Given his central role in the makerspace 
program at the school, and the benefit of revisiting certain topics such as curricular 
integration and collaboration following the teacher interviews, I also conducted a second 
interview with the makerspace facilitator. During this second interview I asked additional 
questions to clarify and deepen my understanding of the relationship between 
opportunities for learning in the makerspace and the structures of the broader curriculum, 
as well as opportunities for interdisciplinary collaboration (also included in Appendix A). 
For example, I asked questions such as, “Could you describe the full range of ways or 
times during which students are currently able to access the space?” and “Could you talk 
about how you see your position evolving, or in an ideal world, how you would address 
some of the challenges to the way your role is currently defined, particularly with respect 
to engaging teachers with making or providing professional development?”. Questions 
such as these allowed me to address topics that had emerged through teacher interviews, 
and also to clarify my own understanding of practices and perspectives related to 
accessing and integrating making with the curriculum. 
Observations 
 I created field notes from observations conducted during one focus group 
interview, as well as a number of site visits in which I observed in both the makerspace 
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itself, as well as individual classrooms. These observations served to provide greater 
contextual data surrounding the development of the curricular unit and teachers’ methods 
of collaborating across disciplines. Since the purpose of the observations was to provide 
contextual data to supplement and triangulate the interview data that served as the 
primary focus of the study, field notes provided a feasible and appropriate method of 
capturing this data (Phillipi & Lauderdale, 2018). Additionally, field notes allowed for 
the opportunity to record non-textual or audio based information, such as descriptions of 
body-language, setting, or materials that would not be captured by using an audio-
recording, as well as to prompt my attention to such contextual variables, including my 
own presence and biases as a researcher (Phillipi & Lauderdale, 2018). In this way field 
notes also allowed me to observe teachers in a more natural environment without the 
influence that recording might have had on the conversations in which teachers were 
engaged, and simultaneously to reflect on this context and my role as an observer. In 
addition to observations of the physical classroom and makerspace environments, I also 
engaged in observations of the virtual environment associated with making at the school. 
This virtual environment consisted of a makerspace page linked to the school website and 
managed by the makerspace facilitator. I documented my observations of these virtual 
environments through screenshots of resources and images shared on the makerspace 
homepage and associated twitterfeed. With respect to the research questions, the purpose 
of these physical and virtual observations was to gain insights into the ways that teachers 
integrated the makerspace with their disciplinary, and interdisciplinary instructional 
planning. This goal was most closely related to research questions one and two 
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addressing teachers’ conceptualization of the purpose of the space, as well as the 
resources and constraints that they perceived relative to its implementation.  
 In order for the field notes to capture observational data relevant to these 
questions, I used the note-taking template provided in Appendix C to type brief notes 
during the course of the observation. So as not to interrupt my ability to attend to the 
conversation and interactions between teachers and students during the focus group 
interview and observations, these brief notes captured details that stood out in the 
moment, while I completed more comprehensive field notes directly following the 
observation while my memory was fresh (Phillippi & Lauderdale, 2018). I completed a 
similar process of descriptive note taking as I organized the screenshots that documented 
my observations of the virtual environment. Typical of qualitative field notes, these 
records included a description of the setting, the participants, the topics of conversation 
and types of interactions, any relevant materials, as well as my critical reflections on 
these observations (Phillippi & Lauderdale, 2018).  
 During a separate observation in which students and teachers were not present, I 
also documented through photographs the materials, resources, and physical organization 
of the makerspace, and related planning materials. As a component of these observations, 
I examined the material resources available in the makerspace itself, as well as other 
related curricular materials and resources that were present in the space. I documented 
these material artifacts through photographs and fieldnotes. These fieldnotes were limited 
to recording details describing the photographed material artifact such as its location, 




 I conducted one student survey at the end of the project based learning unit. The 
25 likert type questions and 5 short open response items that composed this survey are 
included in Appendix B. With an awareness that the survey would need to be completed 
during the school day by middle school aged youth, I created questions that were able to 
be answered quickly, with the full survey being completed in 30 minutes or less. Drawing 
from the literature on makerspaces, STEAM, and student experiences of inclusion or 
exclusion within disciplinary cultures of practice, I designed the survey to address 
specific aspects of students’ experiences that related to their feelings of inclusion and 
confidence in their skills and learning in the makerspace. The work of authors such as 
Pinkard and colleagues (2017), Calabrese Barton and colleagues (2008; 2017) and 
Peppler (2013), addressing ways in which disciplinary activities and cultures of practice 
are likely to include or exclude historically marginalized youth provided the basis for my 
thinking regarding student survey questions. Using the themes from this literature as a 
guide, I created questions that asked students to identify the degree to which they felt 
comfortable with various activities, materials and aspects of problem solving, as well as 
their preferences regarding materials and tools, their interests in related content areas, 
their access to similar tools or materials outside of school, as well as demographic 
information regarding race, gender and age.  
 In considering the types of materials and activities to include in these questions, I 
also drew from the Open Portfolio Project’s survey of makerspaces in which researchers 
documented the materials available at 51 youth oriented makerspaces (Peppler et al., 
2015). Though only 38% of these makerspaces were based in schools, and the survey did 
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not involve perceptual data or youth responses, it did categorize and quantify the tools, 
materials, and disciplines commonly involved in makerspaces, and thus provided a useful 
list of items to expand upon in soliciting student perspectives on making.  
 Guided by the literature, as well as my research questions, I grouped the survey 
questions into 3 categories or question types; those that dealt with students’ feelings of 
affect or belonging, those that addressed preferences for materials and activities, and 
those that specifically asked students to reflect on their learning and academic interests 
related to making. These categories of survey questions, along with the demographic 
information, provided data that addressed my fourth research question, “How do students 
perceive the impact of the makerspace in relation to their learning?”. At the same time, 
the opportunity to review student responses according to subgroup also highlighted any 
differences or biases that may have related to the preferences or experiences of particular 
groups of students, or potential blind spots among teachers and administrators related to 
their understanding of their students’ learning experiences. 
Analysis 
 Using the online qualitative research software Dedoose, I analyzed the school 
interview and observation data paired with teacher and student survey results. Beginning 
with initial codes identified through my review of the literature I applied these codes to 
the transcribed interviews, field notes, and corresponding photo documentation. The 
initial coding scheme, including a “provisional “start list” of codes” (Miles & Huberman, 
1994, p. 58), as seen in Table 1 below, was based on my consideration of the themes and 
terms that were prevalent in my review of the relevant literature as well as the terms 
associated with my research questions and conceptual framework. After generating the 
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categories described in the provisional start list of codes, I also added sub-codes, 
particularly for terms that captured themes central to my four research questions in which 
there might be multiple related concepts within the data represented by the primary code 
(Miles & Huberman, 1994). For each initial code I completed an operational description 
(Miles & Huberman, 1994) prior to my first round of coding. This initial coding scheme 
formed the basis for the first phase of an iterative coding process.  
Table 1. Initial Coding Scheme (Provisional Start-List of Codes and Sub-Codes) 
Category (provisional start-list of 
codes) 
Sub- Codes 
Purpose of Making • 21st Century Skills 
• Social Justice (engaging students in a 
social justice oriented curriculum) 
• Equity (broadening participation and 
engagement in STEM) 
• Technological skills 
• Constructivist/Constructionist/hands-on  
• Interdisciplinary/Transdisciplinary 
Learning/STEM/STEAM 
Pedagogical Stance • Decision making 
• Role of the teacher: 
questioning/facilitating 
• Role of the teacher: directing/lecturing 
• Disciplinary purpose 





Student Learning • Foundational knowledge 
• Humanistic knowledge 
• Meta knowledge 
Collaboration • Collaboration: Teachers 
• Collaboration: Students 
 67 
Motivation • Motivation: Teachers 
• Motivation: School leaders 
• Motivation: Students 
 
After first reading through the interviews and applying initial codes, I then considered 
emerging ideas not accounted for and adjusted the initial coding scheme accordingly, 
adding additional relevant codes through a process of “filling in” where new concepts 
best fit the data (Lincoln & Guba, 1985). While some codes were not as broadly 
applicable as anticipated, others aligned differently with the categories detailed in Table 1 
above. For example, the categories of motivation and student learning from the 
provisional start list of codes were either not highly relevant to the data (as in the case of 
motivation), or were relevant in specific ways that were better captured by related codes 
such as academic achievement, or assessment (for student learning) that connected more 
directly with other categories within the data such as the purpose of making, and 
leadership. Likewise, while the purpose of making and pedagogical stance codes from 
Table 1 remained relevant throughout the coding process, rather than representing distinct 
categories within the data, pedagogy instead emerged as one of the ways in which the 
purpose of making was defined. A similar relationship developed between the provisional 
codes for collaboration and leadership. For this reason I collapsed the number of 
categories of codes from six provisional categories down to three final categories, each 
with individual sub-categories and associated codes as seen in Table 2 below. I then 
completed the descriptive coding process, coding interviews and field notes, and 
organizing photographs according to this final coding scheme.  
Table 2. Final Coding Scheme 
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 Upon completion of the coding process, I compared the prevalence of various 
codes, as well as the contexts in which they appeared among the different stakeholders 
involved in the implementation of the makerspace to develop initial themes. As I 
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• Technological skills 
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• Skill-building 
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• Content-area learning objectives 
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• Productive Failure 
• Arts 








• Professional Development 
Teacher 
Leadership 




organized the data according to emerging themes, I also documented my reflections on 
the confirming and disconfirming evidence for these themes and trends through analytic 
memos (Maxwell, 2013). Because the interview data represent the perspectives of 
administrators and teachers, this segment of the coding and thematic analysis process 
related most directly to research questions 1, 2 and 3 in the focus on these individuals’ 
conceptualization of the purpose of the makerspace, and the supports and constraints that 
they experienced relative to its implementation.  
 For the survey data, I tabulated the frequency of responses for each question 
category. I also applied the codes used in my interview analysis to the analysis of open-
ended response items. Because the number of participants in different racial and ethnic 
groups did not allow for meaningful analysis and comparison across groups, I limited this 
form of analysis to gender subgroups that were evenly split among student participants 
with 13 students who identified as male, and 13 female. For these two subgroups, I 
compared the frequency data for responses to likert scale items, as well as the content and 
frequency of codes applied to the open-ended response items. I used this data to address 
research question 4 focused on the experiences and perceptions of students, while also 
addressing issues related to differences in outcomes across gender subgroups.   
 Following the process of evaluating the prevalence of various codes, looking for 
patterns in the data, and organizing my data according to emergent themes, I engaged in a 
process of respondent validation (Maxwell, 2013). Creating summaries of the data 
relevant to the identified themes, I solicited participant feedback as to the validity and 
accuracy of these themes and my interpretation of the data. While this feedback process 
did not reveal areas of divergence or tension between participants’ responses and the 
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summary of my findings, it did allow me to confirm that my analysis and representation 
of the data aligned with participants’ experiences and perspectives.  
 I have provided an overview of the strategies for data collection and analysis 
associated with my research questions in Table 3 below. 
Table 3. Research Questions and Associated Data Collection and Analysis 
Research Questions Data Sources Data Analysis 




purpose of the 
makerspace?  
 
2. What opportunities 
and constraints do 
teachers and 
administrators 
perceive relative to the 
implementation of the 
makerspace? 
 
3. How do teachers 
and administrators 
construct the role of 




• 1 audio recorded individual 
interview each with 3 
instructional leaders, 4 teachers 	
 
• 2 audio recorded interviews with 
1 makerspace facilitator 
 
• 1 focus group Interview with 
additional 3 teachers 
documented through fieldnotes 
 
• Observation (and field notes) of 




• Observation and photo 
documentation of materials and 
resources in the makerspace and 
related curriculum artifacts 
 
• Observation and field notes of 
students and teachers interacting 
in the space 
 
• Observations and field notes of 
the makerspace and facilitator 
 
• Makerspace website and 
publicly available social media 
materials 
 
















4. How do students 
perceive the role of the 
makerspace in relation 
to their learning? 
 
 
• Student survey with likert scale 
items and short open response 
 
• Makerspace website and 
publicly available social media 
artifacts 


















 In response to the need for continued investigations into the ways in which school 
level stakeholders conceive of and interact with a makerspace, this study was focused on 
the four questions described above. These questions were designed to reveal the ways in 
which teachers, students and school leaders constructed the makerspace and 
conceptualized its purpose, how these individuals perceived supports and constraints, and 
how the intended purposes related to students’ perspectives on the space and their own 
learning. A single site exploratory case study design allowed for the triangulation of 
multiple data sources and the inclusion of the perspectives of multiple stakeholders, and 
was well suited to the in-depth and explanatory nature of these questions. Interviews 
aimed at examining decision-making among school leaders, exploring teachers’ and 
school leaders’ understanding of purpose, and the ways in which the makerspace 
influenced teachers’ collaboration, professional development and planning, provided a 
substantial foundation for answering questions one, two, and three. These data sources 
were supplemented by the inclusion of focus group interviews, observations, and surveys 
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that provided the opportunity to check validity, and to observe potentially conflicting 
viewpoints. In addition, survey data supported the investigation of question four 
regarding students’ perceptions, and provided evidence of student engagement and 
participation including disparities between subgroups. The analysis of the varied forms of 
data in this case study provided evidence of the intended purposes of the makerspace, 
critical supports and constraints, and their connections to teachers’ collaborative planning 
and decision-making, students’ perceptions of learning through making, and students’ 
feelings of inclusion within the school’s maker culture. Taken as a whole, the data 
generated through the interviews, observations and surveys conducted over the course of 
this study offered valuable insights into the possibilities and obstacles for equitable 





 Through the observations, interviews, student survey, and analysis of documents 
and artifacts described in Chapter 3 above, I have generated data regarding school and 
district stakeholders’ perceptions, and how their perceptions shaped the purpose and 
experiences of making at the school. My inquiry was guided by the four research 
questions described in Table 3 above. I have captured the data generated in response to 
these questions in the form of excerpts from interview transcripts, tables of survey data, 
as well as photographs and descriptive field notes that reflect the physical and virtual 
contexts of making at the school. My analysis of these data sources revealed three 
common themes that provide the organizational structure for the findings presented in the 
section that follows (see table 4).  
Table 4. Themes and Descriptions 
Theme Description 
Theme 1: Aspirations and 
Realities in School Based 
Making 
While on the surface participants’ descriptions often 
included broadly inclusive or aspirational practices 
and objectives, often subtexts and additional data 
sources revealed discrepancies between the 
aspirational ideal and the practical reality. 
Theme 2: Rigidity and 
Flexibility 
Flexibility within the curriculum and school 
structures provided space for teachers to design 
interdisciplinary maker activities; however, rigidity 
around disciplines and schedules limited these 
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opportunities and reduced equitable access. 
Theme 3: Identity and the 
Enacted Culture of Making 
Mutually influential relationships existed between 
materials, identity, expertise and participation within 
the makerspace and within the broader culture of 
making at the school. The physical and procedural 
features of making intersected with the identities and 
preferences of students and teachers to shape forms 
of engagement in the space. 
 
Theme 1: Aspirations and Realities in School Based Making 
 One of the first themes to emerge in my analysis of the data generated through 
this study was the dual nature of participants’ statements regarding the makerspace. 
While on the surface participants’ descriptions often included broadly inclusive or 
aspirational practices and objectives, often subtexts and additional data sources revealed 
discrepancies between ideals and realities. While this theme reaches across the questions 
guiding this study, the contrasts within teacher and administrator descriptions and 
definitions of making, and the relationship between these contrasts and students’ 
experiences speak directly to RQ1 (How do teachers and administrators conceptualize the 
purpose of the makerspace?), and RQ 4 (How do students perceive the role of the 
makerspace in relation to their learning?). In the following section, I first present teacher 
and administrator perspectives on the vision and purpose defining the role of the 
makerspace. I begin with common features of teachers’ and administrators’ explicit 
definitions of making and the purpose of the makerspace. I follow these direct statements 
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with data that reveal more subtle and implicit definitions of making and descriptions of 
educational purpose. Finally, I conclude this section by highlighting the relationship 
between the explicit and implicit definitions of making, and the equity assets and gaps 
revealed by student survey data, as well as photographs and field notes documenting the 
context of student learning in the makerspace. Taken as a whole, this group of data 
provides a means of understanding some of the ways in which the aspirations of teachers 
and administrators aligned with, or diverged from the reality of student perspectives and 
experiences of maker learning at the school. 
Vision and Purpose in Defining the Role of the Makerspace  
 Teachers’ and administrators’ definitions of making and its educational purpose, 
along with their actions and professional decisions regarding making, combined to 
constitute the intended purpose of the makerspace. Understanding the vision and purpose 
of making as articulated by teachers and school leaders was essential in order to 
understand a) how maker learning was being framed for students, b) whether or not the 
framing supported equitable learning experiences, and c) how the vision for making 
aligned with, or diverged from the enactment of making evidenced through artifacts, 
surveys, interviews and observations.  
Explicit definitions 
  In terms of the characterization of making itself, teachers and administrators 
emphasized breadth and inclusivity in their definitions of making, and avoided narrow 
definitions focused on particular skills, tools or materials.  The makerspace facilitator 
articulated an example of this intentionally inclusive definition stating that,  
“Making is creating things basically. I have a really broad definition because I 
feel like anybody can be a maker and it's really just about taking pride in creating 
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something. It can be computer software, it can be sewing, it can be 3-D printing, it 
can be arts and crafts. So, it's a really broad definition for me”. 
  
Likewise, comments from the math teacher such as, “Well, I see it as multi-step: design 
and then follow through of that design” and the art teacher who stated that making is 
“Creating anything from anything else that didn't exist before it”, also demonstrated a 
broad vision of what constitutes making. The assistant principal also provided an 
intentionally expansive definition commenting, “I would say anything that creates a 
concept-- from concept to a product, would define making. I'm going to go very general.” 
Similarly, the principal suggested that making is a   
“creating from scratch kind-of-a-thing, or putting together a whole bunch of 
different materials that maybe you wouldn't have thought to put together, like 
making a recipe and making food or something. I'm not a very good cook, but 
putting together different spices to create something new and exciting that, in a 
perfect world, helps people, helps solve a problem, or make the world a better 
place”.  
 
Interestingly, while similar in many ways to other teachers and administrators’ 
definitions, the principal was one of the only participants to mention an intention to make 
the world a better place as being pertinent to the act of making, or the purpose of an 
educational makerspace. As a group, in addition to their broad and inclusive nature, these 
definitions also shared a common emphasis on novelty (in the sense of creating 
something new that didn’t exist before), planning and executing a design, and creating a 
product or artifact. 
  Along with these expansive definitions of making, in their descriptions of the 
educational purpose of the makerspace, teachers and administrators emphasized 
underlying progressive educational philosophies. Specifically, these individuals cited 
alignment with the writings of John Dewey, theories of multiple intelligences and diverse 
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sensory learning modalities, as well as project-based learning as the motivation for 
establishing and sustaining the makerspace. When asked to explain the original thinking 
that inspired its creation, the first response of the school’s assistant principal was, “I 
think, probably, mostly John Dewey. I think we have an inherent philosophy that we need 
to use more senses when learning.” He then extended this emphasis on Dewey and 
engaging multiple sensory learning modalities to include project-based learning as a 
component of the purpose of the space stating, “I think project-based learning in the 
makerspace can actually make curriculum accessible to kids who may be struggling with 
a concept.” The principal also responded to questions as to the purpose of the space by 
emphasizing creativity, problem-solving, hands-on learning and real-world connections 
stating,  
“I think just creativity, creative thinking and learning, and really trying to problem 
solve and approach issues from different angles… Maybe you're doing more 
hands on with materials, just problem solving and looking at things in a different 
way. And I think that also helps [with] what the real world is like.”  
 
In light of these various comments, the vision articulated for the makerspace can be 
understood as a means of supporting progressive educational values, increased 
engagement and access to the curriculum for students with differing learning styles, and 
developing real-world skills that will benefit students outside of the school context. 
 While most participants shared this vision of the makerspace, some teachers and 
administrators also recognized the possibility of considering making as a mindset or 
pedagogical stance rather than a discrete physical space in which hands-on learning could 
take place, or even a specific set of maker skills. In terms of the pedagogical stance 
associated with making, the makerspace facilitator and the district director of library and 
technology had the most specific vision for what this sort of maker pedagogy should 
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entail. While the makerspace facilitator saw technological skills as one important 
dimension of learning in the makerspace, his focus gave equal if not greater importance 
to social and emotional skills, or attitudes towards learning. According to him,   
“The maker space is all about teaching kids creative confidence, learning to just 
kind of get your hands dirty, do a thing, try new stuff, try to put materials together 
in unique ways without a lot of instruction. … It's about that creative confidence 
piece. It's about learning to fail and learning to learn from your failures- not be 
afraid of them, and also getting an exposure to the broader world of design and 
technology.”  
 
At the same time, the director of Library and Technology for the district recognized that 
in addition to understanding iteration and failure as essential to the learning process, and 
developing skills related to the world of design and technology, the goals for school 
based making should be integrated with the goals for the curriculum as a whole. In 
considering the benefits of having a designated makerspace within the school library, she 
reflected that having  
“space is sometimes a constraint. Something happening in a space can be a 
constraint. And essentially we are trying to remove barriers. We are trying to 
remove constraints. So we are trying to make it a mindset, a mindset shift. … that 
mindset shift that needs to stay with schools and with our kids needs to happen in 
the classrooms. So, we see a lot of that happening already where we are sort of 
engaging in very meaningful, purposeful interdisciplinary projects. So, it's not 
only making, right? It's sort of problem-solving and critical thinking at the core of 
it.” 
  
As can be seen in the comments of these two key stakeholders, in addition to the skills 
and practices associated with making, there was an aspiration towards achieving a more 
immersive maker experience such that all students would have the opportunity to enjoy 
the inquiry, interdisciplinarity, and engagement with multiple intelligences that teachers 




 While not necessarily in conflict with these holistic aspirations, there were other 
trends within the data that complicated the primary purpose described by teachers and 
administrators of creating a space for progressive educational practices. One of these 
complicating trends was the strong technological motivation evident in many 
participants’ statements that pointed to other significant factors at play in the push to 
establish and grow the makerspace program. While developing technological skills is not 
necessarily at odds with an educational philosophy inspired by John Dewey, in some 
cases the emphasis on new tools and procedural knowledge suggested that the appeal of 
cutting edge technology, or innovative tools was perhaps a more powerful justification 
for the space than progressive or hands-on educational practices. This desire or pressure 
to provide access to such tools was evident in comments from the makerspace facilitator, 
such as, ““I do get the question a lot, especially from our assistant principal. He likes to 
ask, "What's the next toy we're going to get?" I'm like, "Well, you know, if we keep 
getting too much stuff, the high school's not going to be any different than us"”. 
Additionally, the assistant principal’s description of the Deweyan inspiration behind the 
space was somewhat complicated by his later comment that its purpose was twofold;  
“to make education more attractive for kids and fun using kind of a multi-sensory 
approach, and also, making the tech attractive, understanding technology, 
attractive-- And not only it's kind of a win-win, right, for a lot of-- creating the 
makerspace as a resource for teachers to create a more hands-on approach. But at 
the same time, it ticks off a whole host of learning for tech, so programming, 
CAD work, whatever it is, 3D printing. So for us, it was kind of a win-win.”  
 
Although knowledge of contemporary technological tools and practices can certainly co-
exist as a goal alongside the goal of creating a pedagogical mindset shift, school leaders 
did not present a clear picture as to the relative importance of each of these two goals in 
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decision-making regarding the makerspace. Furthermore, with respect to the data 
discussed in the following sections, it appeared that in comparison to the holistic and 
aspirational statements presented above, technology held an outsize influence in 
comparison to the desire for a more inquiry based, hands-on form of instruction. 
 In addition to the ambiguous balance between providing an inquiry based hands-
on approach to the curriculum, and tools to develop technological skills, the makerspace 
and associated goals often seemed to take an ancillary role with respect to the broader 
curriculum. Administrators were focused on improving the culture of data informed 
decision-making at the school and described concern over a lack of evidence of learning. 
The assistant principal described a potential challenge he saw with the space stating, “So 
I think for us, it's preserving the resources, right? To keep the initiative going, and then 
qualitatively or quantitatively justifying it. And demonstrating its value. Yeah, and that 
we have not done at all.” Likewise, the principal seemed to hesitate in embracing project 
based learning, instead emphasizing the importance of standards based instruction stating, 
“I definitely would like project based learning to be part of [our mission] but I think we 
just need to make sure we're focusing on the standards.” Meanwhile, teachers were 
concerned that inquiry based projects would be difficult to implement in alignment with 
the school-wide focus on data and learning targets:  
“One area of tension with respect to the school wide focus on learning targets and 
data is that it often feels like there isn’t really enough time to do the work of 
thinking through the learning targets and data for the PBL unit because the PBL 
planning all takes place outside of the time that is provided for regular prep and 
planning” (Focus group field notes).  
 
Providing further evidence of the marginal status of the makerspace with respect to 
leadership priorities, the principal acknowledged that while she felt that it supported the 
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general curriculum,  she had little interaction with the space or making in classrooms, 
stating,  
“I will admit that I probably don't even know... I'm sure you've talked to our 
makerspace facilitator, and there he was working with the teacher-- and I didn't 
even know that was happening. So I think there's a lot of things happening that I 
don't even know about, that I need to find out more about... And I know that he 
goes into different classes, so I think there's probably a ton more happening than I 
even know about.”  
 
This lack of active engagement on the part of school leaders was evident to the 
makerspace facilitator as well. According to the makerspace facilitator,  
“a lot of it is the mindset of administration being like, "We want this cool thing 
for teachers to be able to use, but we don't want it to be an actual part of any 
curriculum". It's just an auxiliary thing. It's the icing. Right? I think that's a 
problem where there's no, "Teachers need to include X, Y, Z... in their course in 
the maker space”.  
 
As seen in the comments of teachers and administrators, while there was demonstrated 
interest and support for the makerspace, there was no specific framework for integrating 
the space or project-based learning within the curriculum, and these practices did not 
represent a top priority at the school. 
 Despite these limitations, thanks to the enthusiasm surrounding the philosophy 
and technology involved, the assistant principal felt that it was unlikely that the program 
would be eliminated. However, the concern with demonstrating impact, particularly 
through standardized testing, represented an additional factor for school leaders to 
consider in defining the purpose and value of the space. According to the assistant 
principal,  
“it's an outside-- a long-shot that somebody would challenge it just because it's 
growing, right? But it's always in the back of my head that- it's not mandatory, 
right? So it could always be on the chopping block … if somebody wanted to be 
like, "Eh, I'm not really sure this is the resource we're going to use to increase our 
standardized test scores. We're going to take that money, and we're going to put it 
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to a math tutor. " … It's a full-time FTE, and whatever the deliverables are for 
materials and supplies, so that's a chunk of change.”  
 
This reference to standardized testing and the allocation of resources suggested that in 
terms of district level budgetary decision-making, the purpose of the space could also be 
questioned with respect to its impact on improving students’ academic performance or 
test scores. While the makerspace presented an appealing vision of progressive 
educational philosophy coupled with technological readiness, in terms of leadership 
priorities, it remained peripheral to the emphasis on data use and improving core 
academic achievement and performance on standardized tests.  
 As is evident in the data discussed above, although there was enthusiasm and a 
belief in the promise of the makerspace and inquiry based learning, there were areas in 
which this enthusiasm was not supported by concrete practices such as a framework for 
integrating making within the curriculum or explicit expectations for teaching and 
evaluating student learning through making. In addition to the challenges that the 
assistant principal mentioned with respect to justifying the expense associated with the 
space, in the absence of explicit and systematic expectations for how maker learning 
could take place in every classroom, or how every class could use the makerspace, it was 
also unclear how all students had the opportunity to benefit from making within the 
curriculum. The perceptions and experiences of making described above revealed a gap 
between the ideal vision of a space that can exist as an integrated component of the 
curriculum, or pedagogical mindset, and the reality of persistent accountability pressures 




Equity Assets and Gaps 
 This type of inconsistency was also reflected in the data regarding student 
participation, including students’ self-reported interest, engagement, and feelings about 
learning in the makerspace. In the following section I present observational field notes, 
interview excerpts, photographs and student survey data that illustrate some of the salient 
features of student interactions and engagement, and their relationship to access, and 
equitable participation. This data helps to illuminate the connections between the explicit 
and implicit purposes and definitions described by teachers and administrators, and 
student experiences and perspectives on the makerspace as a learning environment. 
Student interactions and engagement  
 While students’ responses regarding their experiences with the makerspace were 
overwhelmingly positive, analysis of the data revealed challenges related to access and 
participation, as well as alignment with the intended purposes of making. In the following 
section I first present data documenting interactions and student participation in the 
makerspace. I then present a selection of artifacts representing the products of maker 
learning activities. The selected field note excerpts and photographs illustrate trends in 
the data with respect to student experiences and the descriptions of purpose offered by 
teachers and administrators. 
 Observational field notes capturing student activities in the makerspace 
documented high levels of student engagement during unstructured open work periods 
(during which students were released from their scheduled class to work on a project for 
that class in the makerspace, or independently chose to visit the makerspace). The 
 84 
following excerpt illustrates an example of the type of engagement observed in the 
makerspace as students worked on completing a final project: 
Student: “What solidifies slime? I’m just going to look that up”- opens chrome 
book. “Baking soda, borax, corn starch- ooh corn starch, we have corn starch, but 
we ran out of glue, it’s downstairs in the kitchen.” More girls join, still problem 
solving about how to hold material together. Students (girls): “Lets just use binder 
clips” (don’t know how to use sewing machine) “Ok now put it on, wait maybe 
we need a more stable thing, how are we going to make a-- we could use a hot 
glue gun.” (Field notes 6/10/19) 
 
In this instance, as in others in which students were taking part in self-directed maker 
activities, students were actively engaging with materials and with peers with very little 
off-task or distracted behavior. While the strength of interactions like the one described 
above were the opportunities presented for independent problem solving, collaboration 
and experimentation with and analysis of materials, it was difficult to observe 
connections to specific content related learning objectives, standards, or outcomes. 
Interactions such as these did not reveal how the facilitator, or a teacher in the space 
could connect these forms of learning to their teaching objectives. Instead in their 
isolation from surrounding academic contexts, and without documentation or support 
from a teacher or facilitator, examples of this type of student-directed making represented 
missed opportunities to guide students towards related curricular content or opportunities 
to build skills. 
 Furthermore, in alignment with his own statements regarding the reality of his 
role, interactions observed between students and the makerspace facilitator were often 
procedural or practical rather than conceptual or content focused. During the same 
observation referenced above, another group of students had spontaneously come to the 
makerspace to work on their final project. Following an explanation from the students as 
 85 
to their needs, the facilitator circulated among groups of students asking and answering 
questions. The following excerpt captures one of these interactions. 
Makerspace Facilitator: “that’s going to take you forever, no, you’re not going to 
hit it with the saw, that’s going to ruin the saw, why are you trying to cut it in 
half- did you look over here where all the wood is?” (Field notes, 6/10/19)      
 
Due to the spontaneous nature of these students’ visit to the space, there was little 
information available to the facilitator ahead of time, and although it was clear that 
students were working on some aspect of a final project and presentation for their ELA 
class, the purpose of the assignment, or the reason for integrating making was not 
obvious from the interactions between the students and facilitator. In this somewhat 
frenzied environment, with multiple groups of students working on separate projects, the 
facilitator provided guidance and redirection that was primarily focused on the proper use 
of tools and materials, as well as the organization of the space.  These two excerpts point 
to the daily realities of learning in the makerspace, and capture both the enthusiasm and 
energy involved in students’ experiences, as well as the challenges of balancing this 
spontaneity and enthusiasm with instructional planning and the ability to connect 
practical and conceptual processes.  
 Additionally, over the course of 16 site visits and 11 observations (capturing a 
total of 16.5 hours specifically in the makerspace) interactions and activities such as these 
were rare, occurring during only one of the eleven observations in the makerspace, and 
during one observation that took place during a project based learning unit. Over the 
course of these observations in the makerspace, there was infrequent student participation 
outside of scheduled elective or enrichment activities. There were only two observations 
during which students initiated projects in the makerspace, and three observations during 
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which individual students came to request materials or tools (with a total of 15 students 
initiating the questions or activities taking place in these observations). With the 
exception of the group described in the field note excerpt above, the largest numbers of 
students were present in the makerspace during regularly scheduled courses such as 
electronics and engineering classes. Apart from these classes, and during the completion 
of final projects, the space was frequently empty of students entirely.  
 In addition to field notes documenting the drop-in activities in the makerspace 
described above, I have documented a variety of physical and online artifacts resulting 
from structured learning experiences that took place during elective and enrichment 
classes (see examples included in Fig. 2 and 3 below). As evident in the examples 
highlighted in Fig. 2 below, there was a range in the type of activities in which students 
engaged and the degree to which these activities aligned with teacher and administrator 
definitions of making. Though not always the case, activities during structured class 
times resulted in projects that appeared to represent a teacher directed and procedural 
learning format.  
Fig. 2. Examples of Maker Learning Artifacts 
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From left to right: Electronics component matching game, LED circuit blackout poetry, 
Spoon and clothespin catapults 
 On the left is an example of an activity that took place during the electronics class 
taught by the makerspace facilitator in which students had to match an electronic 
component with its symbol, word, and description of its use. This activity took place 
towards the beginning of the course and provided an exploratory introduction to some of 
the vocabulary and equipment that students would be using in subsequent lessons. This 
hands-on assignment was designed to involve inquiry as students were not provided with 
any preview of new symbols or objects prior to the lesson and were expected to use their 
prior knowledge and interpretive skills to make matches. However, as a structured 
matching game with correct and incorrect answers, it was not aligned with the emphases 
on productive failure, novelty or creativity that were central to many participants’ 
definitions of making. Likewise, another example of a whole class structured learning 
experience in the makerspace consisted of a hands-on learning experience in which 
students made functional catapults out of spoons and clothespins. The image of the 
resulting artifacts (on the right in Fig. 2) points to a process in which, students followed a 
specific procedure to arrive at identical results. In the most interdisciplinary and student 
directed of the three activities documented above, students completed an interactive e-
poem (see middle image in Fig. 2). For this project students used markers to black out 
text on a page taken from an old paperback book leaving only the words that would 
create the text for their poem. This poem was then illuminated from behind through the 
combination of LED’s and copper wire circuits that would light when the reader touched 
a particular point, thus closing the circuit. While this project was also teacher directed, it 
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allowed for a much greater degree of novelty, creativity, self-expression and flexibility 
with respect to the final product. As a group these three artifacts are representative of the 
range and type of activity in which students were engaged during structured classes in the 
makerspace. In addition, these examples serve to illustrate the ways that maker activities 
either aligned or contrasted with the definitions and purposes of making that participants 
described. 
 Finally, within interdisciplinary and project based work and projects in the 
makerspace, instructional dialogue often remained teacher centered and procedural. 
Observations during a project based learning unit documented maker activities happening 
outside the makerspace in teachers’ classrooms. This project took place during the final 
month of the school year, and focused on the challenge of designing a livable city of the 
future. According to the principal and teacher, throughout the year and across grade 
levels, this was the only example of an interdisciplinary project based unit. The majority 
of the collaborative work was focused on completing a scale model of a city of the future, 
as well as a written report and presentation that served as the culminating project and 
assessment for the unit. An image of one of these scale models is provided in Fig. 3 
below. As evidence of their math learning, the written reports and oral presentations 
included an explanation of the use of scale and ratio as well as any data that students used 
to design their city. In addition, students included descriptions of water catchment and 
waste disposal systems as evidence of their application of knowledge drawn from science 
classes, and explanations of other features of their cities that had been designed for 
livability as evidence of their understanding of social studies concepts. 
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Fig. 3. Example of a final project from the project based learning unit 
 
 The project-based unit provided an authentically interdisciplinary learning 
environment, and allowed for significant opportunities to engage in hands-on making, as 
well as student directed collaborative work within the context of a larger teacher directed 
structure. However, during whole class student-teacher interactions, conversations often 
followed traditional patterns in which teachers presented information, asked questions of 
the whole group, or evaluated student responses. The following excerpt from an 
observation of a social studies classroom illustrates this trend. 
Teacher (showing image of two cities) “what looks livable? What do you see?” 
(Students talk in groups). Teacher (continues slideshow of city images): “I’m just 
going to go through these really quickly. Notice a lot of these have water access, 
we’re going to look at factors of livability, safety, stability”. Teacher (gives 
directions for students): Go to Google classroom, explore the resources below and 
complete the handout. Write some of the qualities of livable and unlivable cities. 
(Field notes, 5/29/19) 
 
Similarly, in a science classroom following an experiment designed to model the spread 
of contaminant plumes in water supplies (during which students worked in small 
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collaborative groups), the teacher concluded the class by leading a whole group 
discussion focused on the interpretation of results.  
Teacher: “What type of contaminant plume would be easier to clean up and 
why?” (One student raises hand and teacher writes answer on the board) Teacher: 
(responding to student statement) “How so? Can you explain how?” (Field notes, 
5/29/19) 
 
In a brief conversation following this lesson, the science teacher also stressed the 
importance of balancing inquiry with more direct forms of instruction stating,  
“MCAS Science is in many ways actually an English test, so we have to include 
both hands-on and inquiry based science activities as well as activities that build 
academic language and non-fiction reading skills.” (Field notes, 5/29/19) 
 
Consistent with comments made by teachers and administrators during interviews, these 
statements and practices suggest that teachers experienced a need to balance their interest 
in interdisciplinary, inquiry based or project based learning, with a perception that more 
traditional forms of instruction were necessary to support core academic development. 
Teachers and administrators’ vision for making was most aligned with the observed 
student engagement in the hands-on collaborative nature of activities, and the creation of 
novel products or ideas.  
Access and equitable participation  
 Apart from the scheduled whole class and occasional individual opportunities for 
making described above, interview and survey data pointed to a range of interest, 
exposure, and understanding of the makerspace among students along with low levels of 
student-initiated participation. While some students were highly interested and engaged, 
others were uninterested, unable, or unaware of how or when to use the space.  
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 Though he did not connect these issues around access to consequences for 
equitable participation, the makerspace facilitator was also aware of these challenges. 
When asked what he imagined most students thought of the makerspace, he replied,  
I have no idea. I feel like it's a mystery to a lot of kids because it's not really... 
Since they don't have open access, if there's no free time in middle school in our 
schedule at least, a lot of them feel like it's a foreign land that they can't access, 
like, "Oh. That's just where Mr. Gregory does stuff and we don't know what he 
does". … Overall, they're just like, “Oh, yeah. There's a maker space”, but that's... 
I don't want to say they think, "It's not for me", but they think, "It's not something 
I'm necessarily interested in. My teachers haven't sent me down there. So, it's just 
kind of like part of the library that I don't go in, whatever".  
 
Consistent with student survey responses, Mr. Gregory’s comment confirmed a sense that 
the makerspace was not central to most students’ learning experiences, and as such, was 
not clearly understood or easily accessible for most students.  
 At the same time, for a subset of students the makerspace served as a valuable 
resource and played a consistent role in their weekly routines. During lunch as well as 
between periods, individuals or small groups of students would occasionally stop by, 
either for a lunch group, or to ask for materials, tools or support with technology. The 
most frequent student-initiated visit was a regularly occurring lunch group during which 
the makerspace facilitator hosted 6 male 8th graders for a dungeons and dragons game. 
Though unrelated to making, these students appeared comfortable and interested in 
spending time in the makerspace, and according to the facilitator, also sometimes created 
game related objects using makerspace tools and supplies. This observation was 
consistent with a comment from the facilitator that while the majority of students may not 
have been aware of what the makerspace offered, there were,  
…those few kids that get really excited about it. They come into my after school 
programs. They come and hang out in the morning. They come into my lunch 
groups. It's got this population that is very excited about it. I feel like a lot of 
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them... Some of them aren't even necessarily coming here for making. They're 
coming here for the community aspect and feeling like a comfortable, safe space.  
 
Additionally, reflecting further on the kind of student that tended to be part of that subset 
of more highly interested students, the facilitator mentioned the following similarities: 
Yeah, like jobs. "My dad's an engineer, and so and so...". We've got one kid 
whose … dad's like an astrophysicist or something- There's definitely a trend 
with, "Oh. That's a really cool shirt. Did you go to this camp or something?", and 
it's like some expensive STEM camp. Yeah. You kind of get that sense of... The 
kids that I'm playing D&D with, it's because their parents play Dungeons and 
Dragons. Right? There's definitely a strong influence happening there.  
 
As evidenced in the comments from the facilitator, the self-selected group of students that 
chose to use the space tended to represent students whose backgrounds and family 
experiences aligned with the engineering and STEM elements of the makerspace, or the 
‘Dungeons and Dragons’ game culture. The makerspace provided a comfortable and safe 
space for these students, who according to the facilitator often experienced challenges in 
the social context of the lunchroom. However, the characteristics of this group being 
predominantly male children of parents involved in STEM careers points to the dual 
problems of creating a space that is welcoming of diverse forms of making and self-
selection as a mechanism for providing access. Particularly in a context in which there 
were no specific methods of outreach or avenues for students historically 
underrepresented in STEM to explore, this self-selection during open periods resulted in 
participation being dominated by students who were already comfortable and included 
within STEM, maker or engineering design environments.  
 This limited capacity for reaching a broader audience of students, particularly 
those who have been historically underrepresented in traditional maker and STEM 
environments, was also evident in differences between male and female students’ 
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responses to questions regarding their interest, confidence and perspectives on learning in 
the makerspace. While one of the strengths of the maker program at the school was 
evident in the majority of students’ positive feelings towards making, the differences 
between male and female students’ survey responses underlined the importance of the 
issue of access and outreach described above. As seen in Table 5 below, an analysis 
across question types revealed a consistent and troubling trend towards lower levels of 
confidence and enjoyment reported by female students in comparison to their male 
counterparts.  
 This difference was most dramatic in the first question listed in Table 5, to which 
75% of male students responded that they strongly agreed with the statement that they 
enjoyed spending time in the makerspace, compared with only 23% of female students. 
Also noteworthy were two other categories that represented the greatest disparity 
between male and female responses. First of these was the question asking students to 
assess how much they agreed with the statement that their ideas and skills were valuable 
in the makerspace in which 54% of female students reported neutral feelings (neutral 
generally being the most negative response students provided) as compared to only 17% 
of male students. Second, when asked to assess how much they agreed with the statement 
that when they were frustrated in the makerspace they felt comfortable asking for help, 
46% of female students reported feeling neutral compared with only 8% of male students 
(with 46% and 38% of male students agreeing or strongly agreeing that they felt 
comfortable asking for help). While these questions related to enjoyment, inclusion and 
belonging in the space presented particularly striking differences, it is also important to 
note that even when the levels of responses between male and female students were in 
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closer alignment, in almost every response category female students reported less 
confidence, less enjoyment, less interest and less inclusion with respect to activities in the 
makerspace. 
Table 5. Student Survey Differences by Gender (Female n=13, Male n=13) 














I enjoy spending 
time in the maker 
space 
Female 0 0 15% 62% 23% 52% pts. 
Male 0 0 8% 17% 75%  
I enjoy activities in 
the maker space 
Female 0 0 23% 62% 15% 35% pts. 
Male 0 0 0 50% 50%  
I feel confident in 
my abilities using 
tools in the 
makerspace 
Female 0 0 31% 46% 23% 23% pts. 
Male 0 8% 8% 50% 33%  
I am good at the 
kinds of projects and 
activities that take 
place in the 
makerspace 
Female 0 0 38% 46% 15% 16% pts. 
Male 0 0 23% 46% 31%  
My ideas and skills 
are valuable in the 
makerspace 
Female 0 0 54% 38% 8% 37% pts. 
Male 0 0 17% 50% 33%  
I am included in 
group and 
collaborative 
activities in the 
makerspace 
Female  8% 38% 31% 23% 15% pts. 
Male 0 0 23% 46% 31%  
The makerspace is a 
place where I can be 
creative 
Female 0 0 23% 38% 38% 31% pts. 
Male 0 0 8% 23% 69%  
When I feel 
frustrated in the 
makerspace, I feel 
comfortable asking 
for help 
Female 0 8% 46% 23% 23% 38% pts. 
Male 0 8% 8% 46% 38%  
My peers are 
supportive when I 
am solving problems 
in the makerspace 
Female 0 0 54% 31% 15% 16% pts. 
Male 0 0 38% 38% 23%  
I learn a lot from my 
activities in the 
makerspace 
Female 0 0 46% 46% 8% 15% pts. 
Male 0 0 31% 46% 23%  
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The makerspace is a 
place where I can 
learn about things 
that interest me 
Female 0 8% 15% 62% 15% 16% pts. 
Male 0 0 23% 46% 31%  
 
 Overall, Theme 1 illustrates some of the ways that aspirations or ideal visions of 
making aligned with actual practices and experiences of making within the curriculum. 
Teachers and administrators agreed upon many aspects of their vision for making and its 
benefits for students in terms of providing hands-on avenues for accessing the 
curriculum, meeting the needs of diverse learners and supporting creativity and student-
centered instruction. At the same time, there were a number of ways in which experiences 
of teaching and learning lagged behind these aspirations.  A focus on technology and 
final products seemed to outpace the intended focus on pedagogy, while school 
leadership focused on other instructional priorities and lacked explicit expectations or 
frameworks around making. Additionally, student data revealed worrisome trends with 
respect to equity with female students reporting dramatically different feelings of 
belonging, confidence and interest in their experiences in the makerspace. These issues 
revealed observable gaps between a relatively consistent shared vision for making, and 
the practical reality of teaching and learning. 
Theme 2: Rigidity and Flexibility in Leadership and Learning Environments 
Related to the tensions between participants’ ideal visions of making, and the practical 
realities of making within the curriculum, the theme of rigidity and flexibility was central 
to participants’ consideration of how to situate a makerspace within the context of a 
public school curriculum. This theme relates primarily to RQ 1, 2, and 3 (How do 
teachers and administrators conceptualize the purpose of the makerspace? What 
opportunities and constraints do teachers and administrators perceive relative to the 
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implementation of the makerspace? And, How do teachers and administrators construct 
the role of the makerspace within the school?). This theme was evident in teachers’ 
discussions of their professional responsibilities, as well as administrators’ discussions of 
resources, leadership decisions, and district priorities. While in some cases participants’ 
comments revealed areas in which the curriculum, school leaders, or individual teachers 
were able to be flexible in order to incorporate making, there were other ways in which 
rigid schedules, curriculum requirements, or other forms of structural and organizational 
rigidity inhibited their ability to provide access to making or the makerspace. At the same 
time, while in some ways rigidity acted as a constraint, there were also ways in which 
rigidity was necessary, or ways in which too much flexibility acted as a constraint and 
limited equitable access.  
 The need to find a balance between these aspects of rigidity and flexibility in 
relation to the maker-learning environment was most clearly reflected in participants’ 
comments describing benefits and challenges related to assessment, the allocation of 
funding, teacher and student collaboration, and the development of curriculum. For this 
reason, and as a means of demonstrating the relationship between these various forms of 
flexibility and rigidity within the organizational context, I have organized the data 
presented in this section according to the opportunities and constraints that these 
elements represented for participants. As a whole, this theme reveals some of the 






The opportunities provided by flexibility around making related to how teachers were 
teaching, in the sense of the makerspace serving as a pedagogical resource, and to what 
teachers were teaching, in terms of how the space supported interdisciplinary connections 
between making and specific content area learning objectives. Additionally, certain forms 
of rigidity also provided opportunities to measure student achievement for accountability 
purposes, and to align instructional practices accordingly, which in turn influenced 
opportunities for making. In the following section I present data that reflects these aspects 
of flexibility and rigidity in school structures around making. A summary of these 
opportunities is provided in Table 6 below. 
Table 6. Opportunities  
Rigidity Flexibility 
Standardized testing and consistency in 
learning outcomes 
 
• Administrators used data from 
standardized testing that provided 
evidence of disparities between 
subgroups, as well as between the 
school and the state population to 
implement targeted initiatives 
intended to increase consistency 
and equity in learning outcomes (as 
measured by state tests) 
 
Use of curriculum frameworks 
 
• Teachers used curriculum 
frameworks as a reference point in 
considering where their curriculum 
aligned with other subject areas, or 
with making 
 
Formally structured summative 
Professional and organizational 
structures 
 




inspired pedagogy and in turn 
contributed to teachers’ 





• Opportunities for flexible 
approaches to instructional 
practice allowed teachers to 
develop interdisciplinary units 
and projects that resulted in 
increased access to the 
curriculum, student 




• Teachers felt that a formally 
structured final project with an 
authentic purpose and audience 
provided a strong incentive for 
students to do their best work 
collaboration, real-world 
connections and alternative 
means for students to 
demonstrate knowledge and 
skills 
 
Content area connections 
 
• Teachers created opportunities 
to connect making to the 
curriculum through elective or 
enrichment courses, and 
flexible approaches to core 
content areas  
 
Rigidity  
 While rigidity often represented a constraint with respect to making, there were 
also ways in which rigid practices served to support the schools’ goals of equitably 
serving students and providing a foundation for developing integrated curricular projects.  
Standardized testing and consistency in learning outcomes. The opportunities 
provided by rigidity related most clearly to school, district, and state mechanisms for 
measuring and advancing equitable achievement. In their discussion of these 
mechanisms, instructional leaders noted a counterpoint to the vision of curricular 
flexibility that they articulated in their discussion of making. Both the principal and 
assistant principal described significant areas of rigidity related to ensuring consistency in 
expectations, instructional practices, assessment and curriculum content. As the principal 
commented, 
I would like the curriculum to be standards based, aligned to the standards. I 
would like students to have sort of the same experience basically curriculum wise, 
no matter what cluster they're in. So it's not a matter of one cluster over another 
doing a better project or something like that. … as an ILT, we came up with a 
school wide instructional focus, which we didn't really have, of learning targets, 
or we've called them targets as opposed to objectives. But just having learning 
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targets in every class, posted on the board or posted somewhere where students 
could see them. 
 
This increased rigidity around school-wide practices was implemented with the intention 
of promoting opportunities for equitable and consistent learning outcomes. This was also 
tied to the schools’ recent transition to turnaround status. The principal described the 
reasons behind this shift in practices and instructional priorities stating, 
To get back to the part about the turnaround ... [teachers] started using their 
common planning time this year to look at data. We started with iReady and 
MCAS, but then, again moving more towards looking at student work and criteria 
based grading, and just sort of really delving into are students learning it? What 
are they getting from the curriculum? Where do we need to give more targeted 
instruction or support? … The specific thing that triggered the turnaround was the 
low growth, or performance, of the Asian subgroup...in the 2018 testing data -- it 
dipped low enough that that's what set off the turnaround. However, if you look at 
the scores, the scores are low across the board, just barely above the state, or 
below the state in a lot of different places, for every population. 
 
In this respect, while other assessment data was also a focus, the principal’s decision to 
prioritize data informed instruction and the standardization of instructional practices was 
linked to the available data from state standardized tests, the desire to improve academic 
performance as measured by these tests, and the turnaround status of the school. These 
forms of rigidity provided teachers and school leaders with the opportunity to measure 
and track changes in student performance on standardized tests, as well as the impetus to 
implement changes to instructional practice that included increased attention to equitable 
outcomes through analysis of student work and evidence of student learning. 
Use of curriculum frameworks. As evident in the principal’s comments above, 
project-based learning, making and inquiry-based or interdisciplinary instruction were not 
priorities within the school’s response to turnaround status and student achievement. 
Rather, the principal’s emphasis on using state curriculum frameworks to support 
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standards based instruction was focused on achieving greater uniformity across 
classrooms and increasing the clarity of learning objectives. However, when teachers did 
find opportunities to explore making or project-based learning, the rigidity of curricular 
frameworks also served as a foundational planning tool for these interdisciplinary 
initiatives. This was evident in comments from the math teacher as he described the 
process of refining the 7th grade PBL unit stating,  
“Year two I purposely left out of our curriculum, two pieces that would be held up 
by a future cities: data. Just like dealing with data, all the sorts of different ways 
you can deal with data: making graphs, making charts, making tables, reading 
data. And three-dimensional geometry, which is clearly a part of the future cities 
when they're building their scale models. Does it work? Does it fit all the people? 
And so those two pieces I, in our second year, I really kind of, not left out, but 
made sure I focused on all other parts of the curriculum for the first eight months 
and then in that last month when we're doing future cities it was really a time for 
us to kind of focus on those two features, which are not huge learning topics in 
the seventh grade, but they are part of our standards and curriculum.” 
 
In this way, structural aspects of rigidity such as those presented by curriculum 
frameworks, though not directly tied to the practice of making, nonetheless shaped 
opportunities for integrating making within the curriculum. As evident in the comments 
above, curriculum frameworks supported both administrators and teachers with their 
curricular planning and instructional goals. 
 Formally structured summative assessment. Beyond the broad school-wide 
practices related to standardized assessments and achievement data, teachers also 
described structured assessment as an element of PBL that provided a beneficial form of 
rigidity. While the school-wide focus on data and learning targets did influence maker-
inspired instruction, the beneficial dimension of rigidity that teachers connected most 
directly with making was the formally structured summative assessment of the 7th grade 
PBL unit. In their discussion of the successful aspects of this unit, teachers underlined the 
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benefits of the pedagogy they associated with making and PBL, referencing key features 
such as increased access to the curriculum, independence, engagement, collaboration, and 
real-world impact. Teachers also tied these benefits specifically to the most rigid 
component of their PBL unit: the formally structured presentation and project that served 
as a final summative assessment. In their discussion of the interdisciplinary PBL unit, 
teachers observed that,  
The final project is an amazing incentive to do their best work. They demonstrate 
their presentation skills and knowledge in the context of a project with real-world 
impact. They are also highly motivated by the fact that the audience for the final 
presentation is made up of professionals in different fields, water conservation, 
engineers, architects etc. and other community members. It brings out real world 
skills that also relate to civic engagement and participation in a democratic society 
in the ways that students are working together with peers and with community 
members to solve problems. (Field Notes, Focus group interview) 
 
This excerpt exemplifies some of the opportunities that teachers saw within this 
pedagogical style, particularly in supporting students in real-world collaborative problem 
solving and community engagement. In addition, within the context of this 
interdisciplinary PBL unit, these comments demonstrate the ways that teachers saw the 
rigidity of a formally structured summative assessment as an opportunity to motivate 
students as well as to demonstrate and celebrate their learning.  
Flexibility  
While the rigidity of student achievement data, curriculum frameworks, and 
formally structured summative assessments provided opportunities to align curriculum 
and promote consistency in learning outcomes, when school leaders and teachers 
described opportunities specifically tied to making, they were most often related to points 
of flexibility within the curriculum or professional practices. In the following section I 
have organized these opportunities into three categories. First, I discuss the relationship 
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between making and flexibility in professional and organizational structures, followed 
by the opportunities for flexibility in instructional practice, and finally the relationship 
between flexibility in the curriculum and content area connections to making. These 
opportunities are also summarized in Table 6 above. 
 Professional and organizational structures. One way in which flexibility was 
central to the affordances provided by the makerspace was in the promotion of a student-
centered and collaborative approach to the curriculum. In contrast to other leadership 
priorities focused on standardization and rigid expectations regarding instruction and 
testing data, teachers and administrators described the makerspace as a resource that 
supported flexible and interest-driven hands-on investigations. Administrators understood 
both the space itself, and the facilitator as resources available to teachers to support the 
incorporation of these forms of teaching and learning within content area instruction. 
When asked to describe his expectations for how teachers should use the makerspace, the 
assistant principal commented “I think of it as an open resource to go and chat with Mr. 
Gregory about how his program could integrate into whatever curriculum, and come up 
with a project together”. This description of the makerspace as an ‘open resource’ and the 
vision of teachers and the makerspace facilitator developing projects together also speaks 
to the flexibility that the makerspace provided for teachers to design individualized 
projects within the larger and more rigid organizational structures related to standardized 
test performance.  
 When asked about the role of school leaders in supporting the use of the 
makerspace, the assistant principal responded that he did this, “mostly, probably through 
promotion, right? So if we're talking with teachers about their craft, and we feel like their 
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curriculum could benefit from this partnership at any given moment, I would say it's 
mostly promotion.” This description reveals a different form of flexibility in the 
organizational structures surrounding the makerspace. Rather than a specific framework 
or set of expectations, the use of the makerspace depended on individual encouragement 
by the principal or assistant principal or a particular teacher’s interest. Despite the lack of 
school-wide expectations, it was clear from the assistant principal’s comments that he 
supported the integration of the makerspace within the school. In addition to allocating 
resources to create and sustain it, he encouraged teachers to take advantage of this 
opportunity for a creative and individualized approach to the curriculum through 
promotion of the space as a means of refining their instructional practice. In this way, the 
makerspace provided a physical reference point, human and material resources, and 
administrative support for teachers to approach the integration of making within the 
curriculum. 
 The makerspace also provided professional structures for teachers as learners. 
Teachers who pursued these opportunities were convinced of the value of the experience, 
not only in terms of student learning, but also in relation to their own professional 
learning and the development of their collaborative relationships. According to a focus 
group interview with teachers who had collaborated on the Future Cities PBL unit, 
interdisciplinary collaboration had benefits for both teachers and students. These teachers 
noted that, 
Teachers also bring their strengths to the collaboration- for example, the math 
teacher’s strength with data has been helpful in getting the groupings sorted and 
organized. The students also benefit from seeing the teachers collaborating 
differently. They see the math teacher and the humanities teacher co-teaching, 
which is new for them, and gives them an example of how adults collaborate in 
the workplace. (Field Notes, Focus group interview) 
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Teachers appreciated the fact that they were able to learn from their colleagues through 
their collaborative experiences and that they were able to benefit from one another’s 
strengths. Likewise, the ESL teacher commented that,  
It was a lot of meetings, and a lot of letting go of your own personal sort of 
teacher ego. "This is how I would do this, but how are you going to do this?" For 
me it was giving up a class… But at the same time I got to know new kids, and I 
got to see other teachers styles as well. So for me personally, it was a plus. 
 
In this sense, although teachers recognized the challenge of compromise in the process of 
integrating their curriculum and working as a collaborative interdisciplinary team, they 
were also aware of the ways in which the project became a positive professional learning 
experience.  
 Instructional Practice. Both administrators and teachers felt that the makerspace 
supported a particular pedagogical style characterized as supporting iterative design 
processes and productive failure, the development of a growth mindset, project-based 
learning, and making real-world connections. Teachers also recognized direct benefits for 
students related to their flexible approach to curriculum and methods of instruction. One 
such benefit that teachers highlighted was an increase in student engagement and greater 
access to the curriculum for a range of diverse learners due to the fact that the flexibility 
of collaborative and student led projects allowed them to better address differing learning 
styles and student interests. As the art teacher emphasized in her comments regarding the 
strengths of the makerspace and teachers’ interest in project-based learning, 
The other thing that's exciting about project based learning is hopefully you're 
really engaging your students because they are finding an entry point into 
whatever their skill set is that really works for them. The Makerspace is 100% 
supportive of that mission and that ideology of student directed exploration and 
being allowed to go onto a tangent and knowing that you're still doing valid 
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learning, even if you acknowledge that that's the tangent and that you still need to 
come back to this other place to learn what you need to be learning in classes. 
 
In this comment the art teacher referenced the way that the makerspace supported 
teachers in flexibly extending and adapting instruction to allow students to “go onto a 
tangent” while recognizing the simultaneous need for rigidity in coming “back to this 
other place to learn what you need to be learning in classes”.  
 Similarly, in reflecting on the strengths of collaborative learning, other teachers 
noted increased opportunities for students to demonstrate skills through different learning 
modalities while negotiating peer relationships, inclusion, and group decision-making. As 
referenced by the ESL teacher, the makerspace and the associated PBL unit helped her 
students find avenues for participating and working with peers that otherwise might not 
have been readily available to them. She discussed the advantages stemming from 
collaborative and hands-on work stating, 
Everyone got a role, and it was impactful for some of my -- especially some of 
my newcomers. Because students who had been sitting in classes for most of the 
year and not really speaking much, because they didn't have very much language, 
were able to participate in a way and successfully. If they could spray paint 
something, or if they could help laser cut a stencil, they were really fully 
contributing. Whereas they weren't able to raise their hand in class and things like 
that. So for me that was the biggest impact. Having them feel successful at 
something like their peers. 
 
Relatedly, an additional benefit of the PBL Future Cities unit was that flexibility in the 
available means of participation along with an authentic community based purpose 
provided an opportunity for a range of contributions to be recognized both by students’ 
peers as well as by community members. Teachers specifically noted the importance of 
embedding this work within the community and the value of building connections with 
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peers and community members who became the audience for students’ final 
presentations. As teachers described during their focus group interview,  
A huge benefit of this project is that students are out there in their community 
walking around, noticing how the material they are learning about exists in the 
world around them. They work with different students and see different 
classrooms because they are mixed up in new groups. They are hearing from 
adults who are professionals in their community and whose work relates directly 
to the work that the students are doing for their projects. With the drain stencils 
they also see the impact of their work in the community, not just right then, but 
for years afterwards.  (Field notes, focus group interview) 
 
The stencils and spray paint referenced by these teachers were used for the purpose of 
reminding community members not to dump into neighborhood storm drains because 
these drains emptied to the local river. A photograph (Fig. 4 below) of one of these 
stencils, along with a ‘no dumping’ vinyl sticker, also made by students in the 
makerspace, provides evidence of this authentic purpose as well as the impact and 
visibility of this component of students’ work within the community.  
Fig. 4. Stencil and vinyl sticker labeling of neighborhood storm drains 
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As described by teachers, making and project-based learning allowed for flexibility in 
grouping students and including their areas of interest, as well as providing a variety of 
means for demonstrating and celebrating their knowledge and skills. As evident in the 
comments and artifacts presented above, in addition to encouraging collaborative 
relationships, teachers felt that the makerspace supported them in taking a more flexible 
approach to instruction that allowed opportunities for students to demonstrate their 
learning and knowledge in ways that they were not always able to do in more traditional 
instructional contexts.  
 Content area connections. Relatedly, an additional area in which flexibility 
provided opportunities was with respect to creating connections between making and 
content area learning. In this sense flexibility in defining the boundaries and relationships 
between disciplines allowed teachers to incorporate the makerspace, or project-based 
learning in a way that supported the curricular content of their subject area. With regard 
to this process, teachers referenced a range of benefits in terms of students’ subject-area 
learning, as well as other academic and social and emotional skills.  
 According to the makerspace facilitator, some of the key benefits of making were 
related to developing students’ sense of agency, problem-solving abilities and 
technological skills, as well as providing increased opportunities for creativity. He 
defined the skill building involved in making as falling into the categories of ‘technical’ 
and ‘soft’ skills stating: 
In my head, I compartmentalize these into what you could call my technical skills, 
and then what you could call soft skills. So for the soft skills, for me, it's all about 
not being afraid to fail, not being afraid to try something without instructions, and 
just being able to just do it, even if you fail. And just trying to think outside of the 
box and open up your imagination to ideas that may not seem like they're going to 
work, but you can try it instead of just being like, "How do you do this? No, I 
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need to know exactly how to do it." … So, that's kinda the soft skill stuff. … And 
then, the technical stuff is like how do you figure out how to run like a 3D model 
piece of software. 
 
Similarly, teachers from the humanities department recognized the way that making and 
the PBL unit supported core content area connections, but also skills related to listening 
and speaking that were not tested and thus tended to be less emphasized in the 
consideration of instructional priorities. These teachers mentioned that, 
Although standards in the curriculum frameworks related to listening and 
speaking get short shrift because they are not tested, they are also an important 
part of this project. There are many opportunities to assess student progress and 
learning in those areas. Students also demonstrate in their presentations and final 
projects that they can explain scale, ideas about how water systems and urban 
planning related to those systems work, historical examples, and other ideas 
connected to water across the science and humanities content areas. (Field notes, 
focus group interview) 
 
Teachers also noted high levels of engagement with specific content area connections 
stating, 
Water is also a focus that engages students, and that provides current, historical, 
and local real-world connections. There are also new civics standards that are 
very relevant to the way that students engage with the future cities (PBL) unit in 
the sense that they are collaborating on a project that has an impact on their 
community. 
 
Lastly, teachers and the makerspace facilitator took advantage of flexibility in the 
creation and selection of elective courses to provide opportunities for content area 
connections with making. While elective courses such as electronics or photography were 
not part of the core curriculum, and as such were not subject to evaluation through 
standardized tests, they provided a concrete and consistent opportunity to connect 
classroom learning to the makerspace and making. These were the primary connections 
described by the makerspace facilitator when asked to reflect on how making connected 
with disciplinary content and courses offered at the school. As he described: 
 109 
I mean electronics for sure [is connected to making] because we're making stuff. 
Hopefully things you can take it home and use. And digital photography, 
photography is making, cooking is making, all these things. And that's art, it's 
graphic design, it's visual, spatial awareness, it's all those good skills. And then 
the [engineering design enrichment course] stuff is design thinking, straight up. 
So, yeah, it's all related. 
 
Drawn from one such elective course, an example of one of the ways in which flexibility 
in school structures allowed opportunities to explore content area connections to making 
is captured in the photograph in Fig. 5 below. As a way of navigating the rigidity of 
school policies limiting student movement and cell phone use throughout the building, 
for a digital photography class (taught collaboratively with the makerspace facilitator) the 
course instructor created a ‘phonetography pass’ that provided students with the 
flexibility to use their phones and to work outside of the classroom. 
Fig. 5. Phonetography Pass for digital photography elective 
 
As evident in this example, and in the range of data presented above, though not central 
to the instructional priorities of the school, teachers and administrators described concrete 
instructional advantages and content area connections that were supported by 
incorporating making within their curriculum. They also described an active approach to 
 110 
creating content area connections with making through their pedagogical choices in that 
they both took advantage of existing flexibility within school structures, and created new 
opportunities for flexibility by approaching the curriculum and instructional practice in 
novel ways. 
Constraints 
The constraints related to flexibility and rigidity in school structures were closely tied to 
priorities in instructional leadership as well as external pressures and perceptions 
regarding accountability measures and state curriculum frameworks. For example, 
teachers and school leaders related rigidity in instructional practices and requirements to 
teach specific content and meet state testing expectations to perceptions that traditional 
teacher-directed instruction was more likely to achieve desired results. These structures 
and perceptions were in turn tied to teachers’ use of planning time and the support 
available for interdisciplinary units. At the same time a lack of a specific framework or 
guidelines for teachers regarding the integration of making within the curriculum resulted 
in a degree of flexibility that teachers also experienced as a constraint. Given these 
connections between accountability, instructional leadership and teacher collaboration, in 
the following section I have presented the constraints related to rigidity and flexibility as 
elements of these two organizational domains. I begin with a presentation of the 
constraints specific to accountability and instructional leadership, and then describe the 
related group of data that pertains to constraints connected to scheduling, planning and 




Table 7: Constraints 
Rigidity Flexibility 
Accountability and Curricular Priorities 
• Administrators did not see a 
connection between making and the 
school turnaround plan and did not 
describe any impact of this plan on 
opportunities for making  
 
• A focus on standardizing instruction 
through ‘learning targets’ and 
increased uniformity in instructional 
practices limited opportunities to 
develop interdisciplinary units and 
incorporate the makerspace 
 
• School leaders described the need to 
demonstrate the value of the 
makerspace for funding purposes as 
tied to standardized test performance 
and academic achievement 
  
The Use of Planning and Instructional 
Time 
 
• A lack of open planning periods and 
common planning time created 
barriers to collaboration and 
interdisciplinary instruction 
 
• Teachers felt that the rigidity of 
expectations related to content area 
curriculum frameworks resulted in 
insufficient time to include work in 
the makerspace 
 
• The scheduling of courses and 
planning periods resulted in 
constraints particularly for specialists 
when attempting to collaborate with 
grade level teams or other specialist 
teachers 
 
Expectations and leadership 
 
• Lack of explicit expectations 
or frameworks from school 
leaders led to uneven 
participation and access to 
the makerspace for teachers 
and students 
 
• Lack of definition in the role 
of the makerspace facilitator 
created uncertainty with 
respect to the future of the 
position and inconsistency in 
school-wide practices 
  
• Unclear organizational 
relationships resulted in a 
lack of cohesive strategies 
for engagement with the 
makerspace 
 
Procedures and Logistics 
 
• Lack of advanced planning 
undermined the effective use 
of the makerspace as an 
instructional asset 
 
• Lack of specific procedures 
for arranging time to work in 
the makerspace created 





 While rigidity provided structures that were useful in organizing schedules and 
ensuring consistency in school-wide practices, certain aspects of rigidity also created 
constraints with respect to the integration of making within the curriculum. In the 
following section I present data describing the constraints presented by rigidity starting 
with those related to accountability and curricular priorities, followed by those related to 
the use of planning and instructional time.  
 Accountability and curricular priorities. During interviews with the principal 
and assistant principal, each of these school leaders described their school’s turnaround 
plan as focused primarily on the goals of increasing the use of data to inform instruction, 
as well as requiring all teachers to develop clear learning targets for each lesson. These 
priorities increased rigidity by requiring a higher degree of uniformity in projects and 
lesson structures across sections and grade levels. While both school leaders highlighted 
ways in which testing data influenced their leadership priorities, when asked, neither the 
principal nor assistant principal described any specific relationship between the school’s 
turnaround plan and the makerspace or making. In this respect, a consideration of the 
impact on making within the curriculum was not a relevant concern in the development 
and implementation of the turnaround plan. However, despite the fact that it was not 
intentionally tied to making, the increased rigidity resulting from these plans created 
constraints for teachers when integrating the makerspace with their instruction. 
 A notable example of the challenges presented by these elements of rigidity was 
the project-based learning unit initiated by teachers in one of the two 7th-grade teaching 
clusters. Because teachers had planned this unit to take place during the final weeks of 
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the school year they were not concerned with possible interference with state testing. 
However, the school-wide emphasis on standardizing instructional practice led teachers 
to doubt whether it would be possible to continue the PBL unit the following year since 
only one of the two 7th grade clusters had both the interest and strong collaborative 
relationships that teachers felt were necessary to bring it to fruition. Participating teachers 
commented during a focus group interview that,  
Something that has come up recently with the administration’s move towards 
standardizing instruction is that it looks like there might be a choice between 
either having this cluster “forced” to give up the unit, or having the other cluster 
“forced” to take it on. This is problematic because it would be a shame to take 
away something that is so successful and beneficial for students, but it would also 
be very challenging to engage in this project without buy-in from the other 
cluster. Because of the nature of the unit in terms of the co-teaching, extra 
planning, interdisciplinary and, at times, chaotic learning environment that it 
involves, it would be hard to “force” something like this on them. (Field notes, 
focus group interview) 
 
In the case described above in which the unit had been condensed to take place within the 
period of time following the standardized testing window and before the end of the 
school year, the opportunity to integrate making and project-based learning already 
existed at the margins of the curriculum. Despite its marginal status, increasingly rigid 
expectations regarding the alignment of instructional practices resulted in teachers’ 
perceiving an uncertain future for a project that they described as one of the only 
examples of a collaborative interdisciplinary unit using the makerspace. This challenge 
exemplifies one way that increased rigidity related to standardizing instructional practices 
at the school presented constraints for teachers interested in experimenting with 
interdisciplinary approaches and engaging with the makerspace through project based 
learning. 
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  In addition to the constraints the principal and assistant principal described 
related to the school’s transition to ‘turnaround status’, rigidity in standardized testing 
expectations was tied to concerns regarding funding for the makerspace. Describing what 
he found to be most challenging regarding his role in sustaining the makerspace, the 
assistant principal stated,   
“I would say that probably the most challenging is justifying the expense as it 
associates with achievement, so looking at kind of the qualitative approach, right? 
And seeing if this marriage and this resource actually has the outcome of 
achievement, however you want to define that, right? Whether you think it's going 
to influence our MCAS scores, or whether you think kids are able to access the 
curriculum a little better because it's more hands-on. It would be nice to 
quantitatively justify it all." 
 
As evident in this statement, in addition to inspiring changes to instructional practices, 
accountability measures also influenced school leaders’ thinking about how to justify the 
funding of the makerspace. Although the assistant principal referenced that achievement 
could be defined in various ways, the ways that he chose to mention were either very 
rigid, and specific, as in the case of standardized test scores or fairly vague as in the case 
of “accessing the curriculum”. Additionally, unlike school leaders’ descriptions of the 
benefits of making that also focused on ‘soft skills’, both of these examples were focused 
exclusively on academics. This comment provides an example of the ways in which 
despite their desire to create flexibility within the curriculum through the makerspace, 
administrators still felt the need to demonstrate its value through the rigid metrics of 
standardized test performance and academic achievement.  
 The use of planning and instructional time. While teachers also expressed 
awareness of some of these issues, their description of constraints with respect to 
integrating the makerspace with their curriculum were mostly focused on the use of 
 115 
planning and instructional time. Specifically, teachers reflected on the ways in which the 
rigidity of expectations regarding the amount of time spent on particular tasks or content 
areas influenced the amount of time they were able to dedicate to making. This was an 
area in which teachers’ and administrators’ perceptions diverged. The assistant principal 
felt that teachers were provided with ample opportunities for collaboration stating, 
“It's two periods a day. They have two periods in which everybody's free to plan 
together. Yeah, they're designated, but they are... sometimes they're cluster-based. 
So guidance counselors, sometimes they're grade level based with their subject 
teachers sometimes. So there's a variety of different... but there's a lot of time for 
them to be flexible around collaborating with Mr. Gregory” 
 
However, given that as the assistant principal referenced, many of these planning periods 
were designated for teachers to work towards specific instructional priorities that had 
been determined by the leadership team, teachers did not feel that their collaborative 
planning periods were sufficient to successfully integrate making with their curriculum. 
These concerns highlight the ways that the rigidity of schedules and planning 
requirements acted as a constraint despite administrators’ perception that teachers were 
provided with substantial planning time and opportunities for collaboration. 
 In contrast, teachers felt that they had to seek out opportunities outside of their 
scheduled planning periods in order to find sufficient time to develop interdisciplinary 
projects or to integrate work in the makerspace with their curriculum. As the math 
teacher mentioned in discussing the adjustments that teachers made in order to implement 
the 7th grade PBL unit,  
A lot of the interdisciplinary stuff just is about time… We don't have that same 
amount of time to meet with all four of us to get a project like this off the ground. 
So the fact is that we are giving up some of our, whether it's prep or lunch or 
whatever it is, to make that extra meeting happen, to plan that out just a little bit 
better, a little bit more. 
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As the math teacher described, in the instance of the 7th grade PBL unit teachers made a 
commitment to dedicate additional hours to planning in order to ensure the project’s 
success. At the same time, teachers recognized that they would have liked to explore 
more opportunities to integrate making, but that they found it difficult to find adequate 
time to plan these types of learning experiences. As the science teacher mentioned,  
Well, I work with Mr. Gregory, who's the makerspace man, in enrichment, and 
we have ideas about how to connect it to the science curriculum, especially with 
electricity and circuitry and all of that, but haven't had time to plan it and pull it 
off... I would love to do that, I just haven't come up with the right ideas and time 
to sit down with him…you know, there's so much piled on us every day  that 
you're just trying to get through sometimes, and then trying to just sit back and 
say, "Hey, what could we do?" is a luxury once the school year starts.  
 
Teachers and the makerspace facilitator often expressed that this lack of collaborative 
planning time was a major constraint with respect to integrating making across the 
curriculum. Like the science teacher, Mr. Gregory summarized a set of constraints that he 
felt limited the type and number of successful projects in which the makerspace was 
integrated with classroom teachers’ instruction, commenting that:  
It all comes down to time and planning-... and not taking into consideration the 
fact that making is a skill set, and you have to have time to develop some of those 
skills before you can apply them… People are supportive and they want this to 
succeed, but they just don't really put it into their planning. 
 
Similarly, teachers recognized that some of their colleagues also had concerns about 
making time within their instructional hours for making. These teachers were concerned 
that including making in their classes would take time away from other important tasks 
and content area learning. As the ESL teacher stated, 
I think things can take a really long time… I think that time means time out of 
class and time off of curriculum. Unless teachers can really find a way to really 
relate it to their curriculum. I think a lot of teachers feel this pressure to move 
through everything that they have to teach. But there's so much that they can still 
teach by students doing.-- I don't know, I think maybe sometimes people are 
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either afraid they don't have the time, or they're just unwilling to give the time 
because they have to move through this and that. 
 
While much of these concerns revolved around the amount of time available and 
curriculum standards for which teachers were responsible, other teachers pointed to the 
timing and scheduling of planning and instructional periods as another constraint.  
 The rigidity of master schedules resulted for some teachers in a lack of shared 
planning periods and presented a substantial barrier to interdisciplinary collaboration and 
engagement with the makerspace. The art teacher mentioned rigidity in scheduling as a 
challenge that was particularly difficult for her to address when attempting to collaborate 
with grade level teams or with the makerspace facilitator. While discussing opportunities 
to collaborate with Mr. Gregory on shared interests and goals, she mentioned: 
It's a challenge but we try to collaborate. We try to work through that and we try. 
We're a small enough school and we're a pretty communal based school in that we 
kind of try to work with what we can work with, but also really scheduling and 
how the schedule is going to operate is a hurdle to some of those things and it's 
not a small one to overcome. 
 
While the art teacher did not feel limited in the way that some other teachers mentioned 
with respect to planning time being dedicated to other instructional priorities, she 
mentioned the challenges that scheduling presented in terms of the use of different 
classrooms and physical spaces, providing equitable access to each section of students 
across grade levels, and finding common collaborative planning time, particularly for 
specialist teachers to meet with grade level teams or other specialists. This collection of 
concerns related to the use of planning and instructional time reflects an understanding on 
the part of teachers and administrators that while consistent schedules and instruction for 
all groups of students were necessary features of the organizational structure of their 
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school, the rigidity of these requirements also presented particularly challenging 
obstacles to overcome.   
Flexibility  
 In the instances described above, rigidity in expectations for the use of 
instructional and planning time often had the unintended consequence of limiting 
opportunities for integrating making within the curriculum. However, there were also 
ways in which too much flexibility due to a lack of specific expectations or 
organizational structures also presented constraints to effectively implementing 
interdisciplinary projects or work in the makerspace. Challenges around interdisciplinary 
collaboration due to the features of rigidity discussed above were compounded by a lack 
of specific expectations for how and when interdisciplinary collaboration or work in the 
makerspace should take place. In this sense, despite the affordances offered by flexibility 
in the curriculum when implementing a maker inspired interdisciplinary pedagogy, there 
were also ways in which too much flexibility, or a lack of specific expectations presented 
its own set of barriers. 
 Expectations and leadership. One of these barriers was directly connected to a 
lack of explicit expectations or school-wide framework for integrating making. In the 
absence of specific goals or plans from the school principal or assistant principal it was 
difficult for the makerspace facilitator to maintain interest in using the space or to engage 
a broad range of teachers. According to the makerspace facilitator,  
“The first year was different because there was a, "Ooh, shiny." I remember the 
first big faculty meeting. I got introduced as part of being this new role, and we 
talked about the space and had a lot more teachers being like, "This is cool." And 
then by the second year it was like, "Oh, yeah, we have a Makerspace. Okay, we 
can use it." And then, it's just sort of been that it's there. It's an option. But it 
doesn't seem to be -- And I understand that there isn't and why there wouldn't be, 
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but there's not really like a,"Hey, teachers, at some point this year, let's make 
everybody get in the Makerspace once or let's see how you're incorporating this. 
Let's talk about it in a faculty meeting." There's been no external--Nobody's come 
to me and said, "How are you integrating teachers? What can we do to make it 
better?" 
 
As evident in these comments, from the perspective of the facilitator there was a 
noticeable lack of intentional structure or systematic consideration on the part of school 
leaders to determine how a makerspace or a maker mindset should be incorporated with 
the state curriculum frameworks across content areas, or even how often and in what 
ways teachers should be expected to make use of the space.  
 This flexibility or lack of definition in expectations also extended to include the 
role of the makerspace facilitator. While teachers and administrators shared an 
understanding that the facilitator and the makerspace were there as a resource, the 
specifics of the role were to a large degree determined by the facilitator himself. He 
described this lack of structure with respect to the position stating, 
I try to act like a STEM and Maker mindset leader throughout the school. There's 
no formal like training, or guidelines, or really any idea of what my specific 
responsibilities are. So it's pretty open, which is good for someone like me 
because I can go in different directions. But it also makes me nervous that if I 
were to leave this position, filling it would be incredibly difficult because I've 
kind of created it. And it's not like I've created a handbook-- they would have to 
kind of reinvent the wheel. 
 
It is clear from these statements that while Mr. Gregory felt comfortable with the 
flexibility to ‘go in different directions’ there was very little oversight or knowledge of 
the ways that his position had evolved and taken shape, which he recognized as 
problematic for the future of the position.  
 While some of the issues described above related directly to the ways in which the 
principal and assistant principal positioned the makerspace relative to other instructional 
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priorities, in some ways this lack of clarity was also connected to the indirect 
organizational relationships surrounding the makerspace. For example, as the makerspace 
facilitator pointed out, 
The director of library and digital learning, and all that stuff is technically in 
charge of this because it's part of the library. She's very supportive of making and 
wants this to succeed and everything, but she has no control over how teachers 
use their time. I feel like theoretically, everybody wants to be supportive, but 
nobody wants to do the work to actually support. 
 
As described by the facilitator, accountability with respect to the use of the makerspace 
fell between the responsibilities of different school and district leaders. While the director 
of library and digital learning was responsible for the space, she was not responsible for 
setting instructional priorities for the school, or expectations for teachers. At the same 
time, as described above, the principal and assistant principal experienced pressures 
related to student achievement data that led them to prioritize other aspects of curriculum 
and instruction, leaving the makerspace facilitator with the feeling that while everyone 
was interested in the success of the space it was difficult to find the appropriate 
administrative lever to maximize its impact. While the director of library and digital 
learning could provide resources and make suggestions, without a clear leadership 
directive specific to making, teacher participation was limited. In this respect, too much 
flexibility among members of the school and district leadership team in setting 
expectations for the use of the space resulted in the makerspace being absent from 
principals’ expectations regarding ‘how teachers use their time’ and presented a barrier to 
consistent engagement with the space.  
 Limitations in planning and collaboration. From the perspective of the 
makerspace facilitator, the lack of explicit planning to support the integration of the 
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makerspace within the curriculum also led to compromises in terms of his vision for 
maker learning. This happened primarily due to the haphazard nature of projects as well 
as inadequate amounts of time devoted to making and expectations from teachers around 
producing specific final products. The makerspace facilitator described this tension in his 
description of his role with students: 
My role in the maker space when I'm working with kids… Ideally, in a perfect 
world, it would be like showing them what's available, inspiring them to follow 
through with their idea, showing them tools and methods and procedures- and 
then let them have at it… One group, I had to do an actual CAD design for their 
model because they just could not get their heads around it and we were running 
out of time. Ideally, if I were in charge of the whole project, I probably would've 
just let it fail- but there was a lot of pressure from outside sources to finish the 
project, and have a product.  
 
While this pressure to have a final product within a condensed time frame was 
challenging from the makerspace facilitator’s perspective, teachers also voiced concerns 
as to procedures to plan and access the space with their students that they felt prevented 
them from more fully integrating making with teaching. As the math teacher mentioned, 
it could be challenging to use the makerspace because of a lack of clarity around 
procedures as well as time for planning. He shared his thoughts on this topic stating, 
[One challenge is finding] time to plan it time to make sure that, we're the group 
that's in the library because usually there's a group that's in there and that does it, 
because I've seen other teachers do it. They're in there for a week, it's not a short 
term thing. It's usually involved. And so me personally, and I've been here a long 
time, I have no idea how to sign it out. I have no idea. I mean, I'm sure for me it 
would just be a conversation. I would just go talk to them, but I don't even know 
what the policy is. 
 
In each of these comments it is clear that in addition to pressures and constraints related 
to instructional priorities and schedules, a lack of clarity with respect to procedures and 
policies resulted in hesitancy to engage with the space while a lack of adequate planning 
and clarity in expectations led to compromises in how making was integrated with the 
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curriculum. In combination with concerns related to teachers’ use of instructional and 
collaborative planning time, teachers’ and administrators’ perspectives pointed to the 
variety of constraints presented by aspects of flexibility and rigidity in expectations, 
procedures and dedicated resources of time and planning. 
Theme 3: Identity and the Enacted Culture of Making 
 Given the importance of the physical environment as a defining characteristic of a 
makerspace, as well as the importance of equity, the theme of identity, and the enacted 
culture of making was central to understanding the functional role of the makerspace 
within the school. This theme captured evidence of the relationships between materials, 
identity, expertise and participation within the makerspace and associated maker learning. 
As such, this data is most relevant to research questions 3 (How do teachers and 
administrators construct the role of the makerspace within the school?) and 4 (How do 
students perceive the role of the makerspace in relation to their learning?). As highlighted 
by the data presented in this theme, the physical and procedural features of making 
influenced the ways in which teachers and students participated in the space. At the same 
time, the expertise and identities of teachers and students also played a role in 
determining the type and availability of experiences with making.  
 The data from which this theme emerged was drawn from observations of the 
physical space set aside for making in the school library and virtual spaces in which 
making was visible online, as well as student surveys and interviews with teachers. In 
order to best capture the connections between these spaces and student and teacher 
perspectives on making, the following section is organized to address these categories of 
data within the theme. First, I present data describing the physical space and materials 
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associated with making. In the following section I relate this evidence of the enacted 
culture of making to trends in student preferences and associations with making. In the 
third section within this theme, I focus on teacher identity and expertise as I present data 
drawn from interviews. In combination with the data reflecting student experiences and 
the materials and spaces created for making, teachers’ perspectives illustrate the ways in 
which their identities and expertise as makers related to the enacted culture of the school 
makerspace.  
Physical Space and Materials 
 Survey and observational data revealed connections between materials and 
student preferences and disciplinary associations in the makerspace. In the following 
sections I present data describing the physical space and materials present in the 
makerspace and associated online environment (twitter). The physical and online spaces 
as well as the materials and tools that were provided to students represent evidence of the 
culture of making enacted by the makerspace facilitator, teachers and students. 
Documenting the physical and material traits of the makerspace provided a means of 
representing the organization of the space as a learning environment, as well as the 
physical context underlying students’ preferences and perceptions of disciplinary 
connections. This data also revealed which aspects of making were most prominent in the 
organization and selection of tools and materials in the space.  
Physical environment 
 The physical features highlighted through observations and photographs taken in 
the makerspace are illustrative of important dimensions of the enacted culture of making 
at the school. Specifically, this data highlights the organization of the space in terms of 
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access to materials and the documentation of student learning, and the way that visual 
cues demonstrated makerspace norms and practices. This visual and material data reveals 
an alignment with some of the principles discussed by teachers and administrators in their 
ideal vision of making, as well as emphases on particular forms of making, and logistical 
challenges tied to the physical aspects of tools, materials and the space itself.  
 Space, tools and storage. Located in one corner of the school library and 
enclosed by shelving units, the makerspace consisted of a workshop area surrounded on 
three and a half sides by walls or shelving units with one large open area such that the 
majority of the space was visible upon entering the library. The space was constructed 
and supplied through a combination of purchases and donations that shaped the initial 
configuration of the space, and was adjusted on an ongoing basis as the facilitator 
accommodated additional donations and purchases as well as student interactions in the 
space. Shelves were stocked with clearly labeled bins, and as can be seen in Fig. 6 below, 
hand tools were also clearly visible and easily accessible. This organization of the space 
aligned with the student-led aspects of the vision of making described by teachers and 









 Fig. 6. Makerspace tools and materials  
 
 However, while materials were clearly labeled and organized, it was difficult to 
maintain this organization and to provide visibility not only for the full range of available 
tools, but to store and display student work and projects. For this reason, not all tools held 
the same visual prominence upon entering the space. For example, while woodworking 
tools were located at eye level taking up one partial wall of the space, the makerspaces’ 6 
sewing machines were stored in their cases on shelves in a back corner and typically 
taken out one or two at a time when needed or requested (as in the instance captured in 
Fig. 7 below). While the sewing machine cases were large and took up significantly more 
space than the hand tools, storing them in less prominent location made them less visible 





Fig. 7. Sewing machine retrieved from storage for specific use 
 
Additionally, the level of organization and clarity seen in the labeling of materials and 
hand tools was lacking from areas displaying student work or holding printed resources. 
There was no space available to store work in progress over multiple sessions, and no 
documentation of the learning context surrounding any of the student work located on 
display shelves (see Fig. 8 below).  
Fig. 8. Display of student work and printed resources 
 
 In sum, while the physical environment demonstrated concerted efforts towards 
labeling material storage and creating an environment conducive to independence, it was 
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also evident that not all forms of making were equally represented within the space. 
Additionally, the lack of documentation and display of student learning demonstrated that 
this was not a priority. As this data demonstrates, the challenge of displaying student 
work and providing access to the full range of making tools and activities was tied to both 
the characteristics of the physical environment, as well as the priorities of the enacted 
culture of making.  
 Signage. Similar to the impact of available materials and tools, posters and signs 
offered additional evidence of the enacted culture of making. These posters and signs 
provided information regarding tools, materials, vocabulary and procedures as well as 
norms for behavior and for developing a maker mindset (oriented towards the value of 
productive failure). As seen in fig. 9 below, norms for behavior in the makerspace 
included norms for the use of tools (green tools for independent use, red tools for 
supervised use) as well as behavioral expectations (emphasizing kindness, respect and 
shared responsibility for the space), and aspects of the ‘maker-mindset’ (represented by 
the “fail forward” poster).  
 Fig. 9. Makerspace Norms                     
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In addition to these posters emphasizing the social norms of the makerspace, additional 
posters visible in the space served as visual reference points for identifying language and 
tools relevant to making. Among this group of posters, there was an absence of any 
information related to making in the arts, architecture, graphic design, fashion, or non-
western traditions of making. Instead, this group contained at least three posters 
providing information and language surrounding technology and engineering skills. As 
seen in Fig. 10 below, these posters focused on electrical schematic symbols, hand tools, 
and 3D terminology associated with AutoCAD software and engineering design. 
Fig. 10. Posters Displaying Language and Tools of Technology and Engineering  
 
While administrators and teachers defined making broadly so as to include a wide range 
of activities and practices, the data described above provide further evidence that despite 
these inclusive intentions, the enacted culture of making still emphasized technology and 
engineering practices traditionally associated with a white male culture of making. 
Virtual environment 
 Of the 18 posts featuring student work on the makerspace twitter account, 8 were 
directly connected with content learning through a course referenced in the post, while 
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the remaining 10 appeared to represent individual projects with unclear content area 
connections or educational purposes. The 8 posts featuring clear content area connections 
spanned at least 5 disciplines, though most were tied to math and science (for a complete 
list of connections see table 8 below). 
Table 8. Makerspace twitter posts with content area connections 




Electives (video production and electronics) 2 
Social Studies 1 
Health 1 
 
Of the examples listed above, those in which the making activity was most directly 
connected with content area learning were those tied to mathematics. In these instances, 
students designed games that allowed them to explore concepts related to probability (as 







Fig. 11. Makerspace twitter post demonstrating content area connections with 
mathematics 
 
Other content-related projects visible in the twitter feed highlighted the way that 
opportunities for making were often integrated as elements of a final project. This was 
the case in the science and health projects captured in Fig. 12 below. In the science 
project students created a model of a creature they had designed as a means of applying 
their understanding of evolution and adaptation, and in the health project they designed 
games to demonstrate their understanding of healthy decision-making. 
Fig. 12 Content area connections through final projects in Science and Health classes 
    
As seen in the virtual representation of student work in the makerspace, there was a range 
of projects and content area connections, with the strongest disciplinary connections to 
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making evident in projects related to mathematics and science. This trend aligns with the 
tendency observed in the physical space towards associating making with the STEM 
skills traditionally emphasized in maker culture. 
Student preferences and associations with making  
Survey data representing student preferences and associations with making 
provided a lens for understanding the relationship between the physical and online 
environments for making described above, and student experiences. I have organized the 
following section to highlight three areas in particular that best frame this relationship. 
First, I present data illustrating the disciplinary areas in which making increased student 
interest, followed by data demonstrating the disciplinary knowledge and skills that 
students felt were most important in order to be successful in the makerspace. While 
these trends existed across the full group of student participants, there were also notable 
differences along the lines of gender with respect to students’ favorite materials and 
tools. As such, I conclude the section with a selection of data revealing these differences. 
The divergence in student preferences for materials and tools, along with the overarching 
disciplinary associations students made with making demonstrate the ways that student 
identities, interests, and materials combined to shape the enacted culture of making.  
Student interests and perceptions of maker knowledge and skills  
 Data related to students’ interest and perceptions of the skills necessary for 
success in the makerspace highlighted connections with the STEAM subject areas. As 
seen in the highlighted cells of Table 9 below, the three disciplines in which the greatest 
number of students reported increased interest were in the areas of Art (73% agree or 
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strongly agree), Technology (58% agree or strongly agree) and Engineering (50% agree 
or strongly agree). 
Table 9. Student disciplinary interests inspired by making (n = 26) 
I am more interested 
in ___ because of 


















Engineering 4% 20% 27% 35% 15% 50% 
Science 8% 15% 50% 15% 12% 27% 
Technology 4% 4% 35% 39% 19% 58% 
Math 15% 15% 35% 19% 15% 34% 
Art 4% 12% 12% 42% 31% 73% 
 
Despite the visible connections teachers and the makerspace facilitator had made to the 
mathematics and science curricula (see Fig. 11 and 12 above), these were not areas in 
which students felt that their experiences with making inspired them to learn more. 
Somewhat surprisingly given the emphasis on engineering and technology observed in 
the physical and virtual environments, art was the subject area in which the highest 
percentage of students reported increased interest. At the same time, increased interest in 
technology and engineering was less surprising as these interest areas were more clearly 
aligned with the physical and virtual spaces as well as teachers’ and administrators’ 
descriptions of the purpose of the space. 
 Similar to the student interests described above, student perceptions of the skills 
and knowledge required for success in the makerspace emphasized the importance of 
STEAM disciplinary knowledge. However, this data also revealed the high value that 
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students placed on 21st century skills that were not discipline specific. In fact, as can be 
seen in the highlighted cells of Table 10 below, compared to discipline specific skills or 
knowledge, students felt that skills such as creativity, communication, collaboration and 
problem-solving were far more important for success in the makerspace, with almost all 
students ranking these skills as important, very important or essential for success. 
Table 10. Student perceptions of important skills and disciplinary knowledge in making 
(n = 26) 
How important is/are _____ 
in order to be successful in 
the makerspace? 










Creativity 0% 8% 31% 31% 31% 
Communication Skills 0% 0% 19% 42% 39% 
Collaboration Skills 4% 0% 23% 39% 35% 
Problem-solving Skills 0% 0% 19% 54% 27% 
Coding Skills 27% 42% 27% 0% 4% 
English Language Skills 27% 27% 31% 8% 8% 
Knowledge of Science 12% 50% 31% 4% 4% 
Knowledge of Math 12% 35% 35% 15% 4% 
Knowledge of Technology 4% 27% 39% 23% 8% 
Knowledge of Engineering 0% 27% 46% 20% 8% 
Knowledge of Social Studies 39% 39% 12% 8% 4% 
Knowledge of Art 12% 31% 35% 20% 4% 
 
 While surveys revealed that students perceived these 21st century skills to be of 
greater importance than disciplinary knowledge, their responses also revealed smaller 
differences between the importance of knowledge and skills associated with particular 
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subject areas. As seen in Table 10 above, the areas students considered least important for 
success in the makerspace were coding skills (27% responding that they were not at all 
important), English language skills (27% responding that they were not at all important), 
and knowledge of social studies (39% of students responding that this knowledge was not 
at all important). In contrast, of all the disciplinary areas, students felt that knowledge of 
technology was most important (with 23% of students responding that it was very 
important and 39% of students responding that it was important). This was followed by 
knowledge of Engineering (46% responding that it was important), Math and Art (35% 
responding that it was important), and Science (with 31% responding that it was 
important). Taken as a whole this data suggests an alignment between student 
experiences and interests and the development of 21st century skills as well as the 
connection between making and knowledge of STEAM subject areas. 
Divergent preferences along the lines of gender  
While the trends presented above represented perceptions that extended across the 
group of students as a whole, survey responses regarding favorite tools and materials 
revealed distinct differences along gender lines. As demonstrated by the data presented in 
Table 11 below, female students were responsible for 70% of the responses stating a 
preference for arts and crafts materials, while they only represented 22% of the students 








Table 11. Students’ favorite makerspace materials and tools by gender 
Favorite materials 
and tools to use in 
the makerspace 
Total number of positive 
responses from students 
(stating yes these are my 









coming from male 
students  
Electronic and 
digital tools and 
materials 




17 40% 60% 
Craft and art 
supplies 
13 70% 30% 
 
Preferences for wood and metal working tools were most popular and were more closely 
matched, though female students were still less likely to select these traditionally male 
gendered tools as their favorites, accounting for only 40% of these responses. Given the 
visual emphasis and accessibility of electronic, digital, wood and metalworking materials 
and tools as compared to tools and materials associated with arts and crafts, this trend 
highlights a clear example of the intersections between the physical characteristics of the 
space, student preferences, and inclusion within the enacted culture of making.  
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Teacher identity and expertise 
As curriculum designers responsible for developing maker learning environments, 
teachers and the makerspace facilitator (who taught elective courses and served as an 
instructional assistant) played a significant role in shaping the culture of making reflected 
in the data described above. Likewise, their own relationships to making framed the ways 
in which they conceived of and related to the makerspace. In interviews, teachers and the 
makerspace facilitator were first asked if they were makers, and then asked to explain 
either what made them a maker or why they didn’t feel that they were a maker. The 
resulting reflections on teachers’ identities as makers provided additional insight into the 
ways in which teachers’ associations with making and their perceptions of expertise 
related to the school’s maker learning environment. I have organized reflections on these 
topics first to highlight teachers’ descriptions of individual expertise shaping learning 
opportunities, and next to illustrate the connections between teachers’ identities as 
makers, their assessment of their own expertise, and their feelings of belonging within the 
school makerspace. Similar to the data described above, their statements revealed 
tendencies to identify making as an activity associated with engineering, construction and 
technology, as well as a recognition that specific areas of expertise played a role in 
determining who is considered a maker, their own interests in making, and what type of 
activities would be included in a particular makerspace. 
Expertise shaping learning opportunities 
 Teachers’ responses demonstrated a connection between the expertise of the 
individuals responsible for facilitating learning in a makerspace, and the skills and 
activities available to makerspace learners. In a discussion of how the focus of a 
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makerspace might vary from one community to another, the art teacher highlighted the 
way that the expertise of a makerspace facilitator influences the types of learning 
experiences available for participants stating, “I think that a Makerspace is as open or 
narrow as the person running it and how adventurous they are and how many avenues 
they want to try to open for you either through their own expertise or through other 
people's expertise as well.” Recognizing that the person ‘running’ the space did not have 
to rely only on their own expertise, but rather could include the expertise of other 
community members, this comment from the art teacher points clearly to the influence 
that this individual has on the possibilities for learning. In this sense, the art teacher 
articulated the understanding that both the expertise of the individual facilitating the 
space, as well as their ability to incorporate the expertise of others’ is crucial to 
determining the range and variety of learning experiences and activities that students can 
access in the space. This observation speaks to the importance of both the disciplinary 
background of the makerspace facilitator and that individual’s capacity for enlisting the 
support of students, teachers and community members to diversify the opportunities for 
knowledge and skill sharing. 
 Comments from the school’s makerspace facilitator also supported this 
understanding of the relationship between the expertise of the facilitator and the activities 
emphasized in the makerspace. Reflecting on his own identity as a maker, the school’s 
facilitator Mr. Gregory stated:   
“Ever since I was a kid, I just would make stuff. I would take stuff apart. I would 
tinker. When I went into high school, I took electronics and was always making 
random little gadgets and things. ... Now, I'm very-- I make stuff in my spare time 
and I have a little wood shop in my attic in Southfield… I'll learn a skill. I'll 
barely be able to do said skill to make said solution. Right? That's why I wear that 
badge with pride.” 
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In his description of the ways in which he considered himself a maker, the facilitator 
emphasized the same areas that were highly visible in the physical and virtual making 
environment, from constructing and deconstructing, and electronics to woodworking. 
However, in connecting his pride in identifying as a maker with his statement that “I’ll 
learn a skill. I’ll barely be able to do said skill…” Mr. Gregory also clearly identified 
himself with making as a learner and not an expert. While this does not resolve the 
potential challenge identified by the art teacher regarding the influence of the preferences 
and expertise of the facilitator on the possible learning experiences in the space, it does 
suggest an orientation towards learning and growth that could extend to include learning 
from the expertise of others within the space. 
Identity, expertise and belonging 
 In contrast with this strong association between being a learner and being a 
maker, other teachers’ comments suggested a lack of belonging within the makerspace or 
maker culture based on feelings that their own level of expertise with the tools, materials 
and practices emphasized in the school makerspace were inadequate. Despite broadly 
defined visions for making, these teachers pointed to feelings that their own interests did 
not align with making. In her reflection on whether or not she would consider herself a 
maker, the science teacher commented that,  
“I just think of the Maker Space as having very specific pieces of equipment and 
I'm sure its boundaries go beyond that, that there aren't boundaries, but I think of 
making, for me, like doing things at home with my plants and cooking and baking 
and more domestic things. That’s what I tend to do and I like to do that. I'm not 
really interested in making 3D stuff. I guess it doesn't align with my interests.” 
 
While she recognized that her perception based on the physical environment and the 
“very specific pieces of equipment” contradicted her sense that “there aren’t boundaries”, 
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the science teacher nonetheless did not see her interests in cooking or baking for 
example, as aligned with the culture of making and thus did not identify as a maker. 
Similarly, despite his interests in engineering, the math teacher also hesitated in 
identifying himself as a maker stating: 
“Yes. In terms of trying, yeah. I get home with, with no rules that then I love. So 
yeah, I do consider myself a maker, but not trusting of anything that would be too 
grand. … So with limits for sure. But no, as a kid I was not. I liked the 
engineering side of making more than the actual- materials side.” 
 
Evident in both of these teachers’ comments was a perception that the skills and 
knowledge valued in the makerspace represented a narrower range than the broader 
vision for the space would suggest. In addition, these teachers’ both described a feeling 
that they lacked a level of mastery that they felt was required for belonging within the 
enacted culture of making. These comments regarding teachers’ own sense of belonging 
and identity as makers highlight the challenge of creating an inclusive culture of making 






 In this chapter I discuss my findings in relation to the literature on educational 
makerspaces and K-12 learning environments, as well as instructional leadership, 
collaboration and professional growth. I begin by returning to the central issues of 
purpose and equity in school-based makerspaces. I connect my findings to the literature 
describing 21st century curricular priorities, as well as the development of inclusive 
maker learning environments. Next, I discuss my findings in the context of literature on 
instructional leadership paying specific attention to the importance of shared pedagogical 
frameworks, collaboration and professional capital. I conclude this chapter with a 
discussion of the practical implications for teachers and school leaders interested in 
pursuing equitable cultures of making in schools as well as the implications for future 
research. 
 Designing equitable maker learning environments 
 Viewed in relation to the research on equity in educational making, the findings of 
this study point to the intrinsic connections between the purpose and design of an 
educational makerspace and the potential for that space to either reinforce or disrupt 
inequities in making and associated STEAM disciplines. The factors influencing the 
purpose of the makerspace at this school presented both opportunities and constraints 
with respect to developing students’ academic and 21st century skills through a 
constructivist maker pedagogy, but did not result in a vision for making that included a 
transformative social justice mindset. The teachers, administrators, and students involved 
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in this study did not make direct connections between the purpose of the space and the 
opportunity to address issues of equity and systemic injustice. While some teachers and 
administrators discussed purposes outside of neutral academic outcomes, such as 
expanding access to the curriculum, or benefits for students representing historically 
marginalized groups (such as ELL’s), interviews and survey data did not reveal an 
intention to disrupt traditional inequities in schooling or the STEAM disciplines. 
Adopting a transformative vision for making 
 While some teachers recognized the potential for developing a more inclusive 
culture of making, without direct attention to the diversity of makers and making 
represented in the space or associated activities, the resulting culture of making at the 
school was by default primarily reflective of the traditionally white, male, middle-class, 
vision of making critiqued by authors such as Vossoughi and colleagues (2016). As 
described by this school’s art teacher, making has the potential to include a wide range of 
teachers, students and community members as experts and leaders of learning, or remain 
narrowly defined by the expertise of the individual facilitator. While the facilitator’s 
aspirations were inclusive, in practice, the latter remained true of this particular space, as 
further evidenced by comments from the science and math teachers describing the lack of 
connection they felt with making based on their own lack of expertise with the skills and 
practices they perceived as important in the space. These findings confirmed the 
importance of “The shift toward culture [which] is significant from an equity standpoint: 
Whose voices are valued and who counts as legitimate participants in a community 
making space impact how various people are welcomed, positioned, and recognized for 
what they know and can do as a part of shaping the learning and participation that 
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happens there.” (Calabrese Barton & Tan, 2018, p. 4). This study’s findings underline the 
need for facilitators and designers of school-based maker learning environments to move 
beyond the goal of providing ‘access’ to a specific set of skills or knowledge and to 
respond to the values and power dynamics that influence participation and the cultural 
dimensions of making.  
 The findings of this study have illustrated the consequences of material and visual 
cultures of making that do not represent historically marginalized students and teachers 
and the inequitable results of a neutral approach that aims to raise the performance of all 
learners through exposure to technology and 21st century skills. As Calabrese Barton & 
Tan (2018) suggest, an equitable approach to making should instead directly address 
historical inequities and attempt to counteract their persistent effects. In fact, without this 
explicit focus, rather than accomplishing the goal of increasing access and inclusion, such 
spaces may instead reinforce exclusionary understandings of what and who belongs 
within making and STEAM oriented communities of practice.  
Equitable and consequential making  
 Despite the absence of a unified transformative vision for making, there was 
evidence of the potential in this school-based makerspace for moving toward a 
transformative social justice approach. This potential was evident in students’ 
overwhelmingly positive attitudes towards making, coupled with the successful 
collaborative PBL unit with visible and positive community impact. The PBL unit 
demonstrated elements of the two dimensions of “equitable” and “consequential” making 
that Calabrese Barton & Tan describe as central to building a “robust theory of making 
that attend[s] to intersecting scales of injustice”. In describing the implications of these 
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dimensions, the authors define equitable “as supporting youth’s agentic response to 
desires of the not yet and their efforts to reclaim the not anymore” and consequential as 
“making opportunities [that] leverage upon advancing STEM learning and participation 
toward transformative outcomes aimed at addressing systemic inequalities” (Calabrese 
Barton & Tan, 2018, p. 7-8). In the case of the maker inspired PBL unit, students were 
engaged in this “equitable” practice through their agency as learners and community 
members, defining and addressing problems and envisioning strategies related to the “not 
yet” within their community’s approach to environmental sustainability. At the same 
time, this work was “consequential” in its capacity to advance STEM learning while 
addressing systemic inequalities through attention to local issues of environmental justice 
and sustainability. 
 Calabrese Barton and Tan’s use of a Mobilities of Criticality framework (2018) 
also provides a useful reference point in considering the constraints and possibilities 
presented by integrating making within a traditional middle school context. Of the four 
key components of this framework (movement, intersectional geometries of power, 
place-making, and presence) the importance of movement, both of people and ideas, and 
place-making (Calabrese Barton & Tan, 2018, p. 22-26) were highly relevant to 
participants’ strategies for finding flexibility within rigid structures, and subverting 
systems that inhibited the movement of people and ideas. Through the maker-inspired 
PBL unit, teachers and students engaged in place-making that allowed for the 
development of resources and practices that were distinct from the surrounding curricular 
context and allowed for much greater movement of ideas across and between disciplines, 
and people. Within the context of elective courses, teachers and students engaged in a 
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similar form of place-making, subverting the restrictions placed on student movement 
through the ‘digital Phonetography pass’ that allowed students to move freely through 
school hallways and common areas during their elective class period. Though few and 
limited in scope, these examples demonstrate the ways that despite barriers and the lack 
of a unified social-justice vision, teachers and students used making practices to disrupt 
and transform traditional and restrictive elements of the curriculum and school structures 
to allow for the increased movement of people and ideas. Throughout the discussion, I 
will return to this lens of equity as a means of highlighting the critical role of research 
and practice in either reinforcing or disrupting inequities in making and STEAM. 
The purpose of making and 21st Century curricular priorities 
 As my analyses suggest, rather than centering around a social justice approach, 
the purpose of this school-based makerspace was influenced by three primary factors: (a) 
state accountability measures and curricular frameworks, (b) constructivist pedagogical 
principles, and (c) a desire to align instruction with the priorities of 21st century learning. 
These factors contributed to defining the purpose of the space in different ways. While 
the influence of pedagogical principles and accountability expectations often presented 
points of tension that complicated the role of the space and its purpose (for example in 
the tension between interdisciplinary interest driven experiences and disciplinary 
standards based instructional blocks), the importance of technological and 21st century 
skill development was consistent across the perspectives and experiences of each group 




Fig. 13. Factors influencing the purpose of the makerspace 
 
Tensions between pedagogical principles and accountability measures 
 Findings based on interviews with school leaders revealed that despite the lack of 
consideration of the role of making within the school’s accountability and improvement 
plan, the success of the space might be evaluated in these terms. In this sense, the 
makerspace was emblematic of the dilemma described by Ainscow (2005) in which "On 
the one hand, data are required in order to monitor the progress of children, evaluate the 
impact of interventions, review the effectiveness of policies and processes, plan new 
initiatives, and so on...On the other hand, if effectiveness is evaluated on the basis of 
narrow, even inappropriate, performance indicators, then the impact can be deeply 
damaging" (p. 119). While as Ainscow points out, data use for the purpose of monitoring 
progress is certainly valuable, in the case of this school’s response to turnaround status, 
















indicators” such as state mandated standardized tests, was indeed damaging to the goal of 
effectively and equitably integrating making within the curriculum.  
 The dominant role of test-based accountability measures at this school, coupled 
with a lack of consideration of the makerspace within accountability related leadership 
decisions points to the ways that as Ainscow (2005) suggests, administrators are often 
caught in a trap of “valuing what [they] measure’ instead of ‘measur[ing] what [they] 
value” (p.120). While statements from school leaders demonstrated the value that these 
individuals placed on the pedagogical principles associated with a student-centered and 
inclusive approach to school-based making, they did not make this a central component 
of their instructional leadership. Indeed, findings revealed that making and the 
makerspace remained peripheral with respect to the curriculum. As such, rather than 
informing instructional practices through a pedagogical mindset shift such as that to 
which the director of library and technology aspired, school-based making was instead 
informed by the instructional practices associated with the school’s accountability 
framework and response to its turnaround status.  
21st century skills and the role of technology 
 For students and teachers who did engage with making, there was evidence of a 
direct connection between making and the development of 21st century skills. While a 
focus on accountability goals undermined the Deweyan pedagogical style of hands-on 
student centered learning that the assistant principal described as the primary inspiration 
for the purpose of the space, the secondary purpose of providing access to technology and 
developing 21st century skills was more successfully realized. 21st century skills and the 
role of technology were clearly evident within the physical environment and participants’ 
 147 
experiences with making, suggesting a possible starting point for addressing the tensions 
described above. 
 Findings regarding the specific 21st century skills that were central to teachers’ 
and students’ experiences with making point to the ways that a focus on this knowledge 
domain might support greater alignment between the demands of the K-12 environment 
and maker learning. In approaching this analysis, Kereluik and colleagues (2013) 
organizing framework for understanding essential components of 21st century skills 
(represented in Fig. 14 below) provides a useful reference point. While students’ interests 
and associations with making revealed connections across the three 21st century 
knowledge domains described by Keruluik et. al, (2013), the strongest connections fell 
within the ‘meta knowledge’ domain (see Fig. 14 below).  
Fig. 14. Components of 21st Century Skills 
 
Students’ responses provided little evidence of connections with the foundational 
knowledge domain, in that their descriptions contained limited connections to core 
content knowledge or cross-disciplinary knowledge, and almost no mention of elements 





























connections between their experiences with making and the three areas of ‘meta 
knowledge’ described above. Students viewed the skills of communication and 
collaboration, problem-solving, and creativity as key to their successful experiences with 
making.  
 While findings did not suggest that students themselves made connections 
between making and the humanistic knowledge domain, this connection was evident to 
some degree in teachers’ comments. The connections that teachers made to this domain 
were primarily limited to the category of life and job skills with little to no evidence of 
the inclusion of ethical and emotional awareness or cultural competence. Though they 
were more inclined than students to highlight connections to the foundational knowledge 
domain through the benefits of their core content and cross-disciplinary instruction, like 
students, teachers also shared a sense that the three components of meta-knowledge were 
key to the benefits of making. The bulk of teachers’ associations with 21st century skills 
revolved around the importance of these same three categories of communication and 
collaboration, problem-solving and critical thinking, and creativity and innovation. 
 These findings demonstrate the strength of the makerspace and school-based 
making as a means of supporting these 21st century skills, while also revealing key areas 
for continued growth and expansion to better address the full range of 21st century skills 
presented in Keruluik and colleagues’ framework (2013). The strength of connections to 
“meta knowledge” represents a strong starting point for teachers or school leaders to 
analyze state curriculum frameworks and seek areas of alignment between and across 
disciplines. This might in turn create the potential for the development of a 
transdisciplinary approach that Herro & Quigley describe as involving “multiple 
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disciplines but also […] the possibility of new perspectives ‘beyond’ those disciplines.” 
(2017, p. 419). Such an approach could integrate the elements of the foundational 
knowledge domain, as well as the humanistic domain through a social-justice orientation 
to perspectives ‘beyond’ the traditional understanding of the disciplines involved. This 
emphasis could potentially contribute to a more equitable maker learning environment. 
Instructional Leadership for Making  
 The capacity to explore the transformative potential offered by a school-based 
makerspace rests in many ways upon the qualities of instructional leadership within the 
school. Depending on the curricular priorities and pedagogical approaches promoted by 
school leaders, a school-based makerspace may either remain marginal and relatively 
inconsequential, or have significant impact, and may reinforce, or disrupt patterns of 
historical injustice and marginalization. Understanding the factors influencing these 
possibilities is critical to understanding the qualities and organizational structures that 
support the equitable implementation of a school-based makerspace. Viewed in 
conjunction with the literature on school-wide implementation of making and STEAM 
and broader issues of instructional leadership and educational change, the findings of this 
study highlight some of the organizational characteristics and conditions necessary for 
achieving equitable and sustainable outcomes.  
Adopting shared pedagogical frameworks  
 In the case of the school described in this study, the inclusion of making within 
the curriculum presented the opportunity and challenge of integrating traditionally 
isolated disciplinary areas. Challenges and opportunities related to disciplinary 
integration were evident in comments from teachers describing the benefits as well as the 
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costs of interdisciplinary making, particularly in terms of the additional investment of 
time required to plan for interdisciplinary instruction, as well as teachers’ own expertise 
and confidence in approaching this work. These challenges were also influenced by 
administrators’ instructional leadership decisions emphasizing greater consistency in 
instructional practices across the school. While administrators sought to align 
instructional practices, they did so through a neutral accountability-based approach 
emphasizing testing data and instructional moves such as posting lesson objectives, rather 
than focusing on underlying pedagogical principles or systemic inequities. As such, 
rather than supporting the development of a shared pedagogical framework, this form of 
instructional alignment presented additional barriers to sustaining and expanding 
successful interdisciplinary maker learning experiences at the school. 
 While some teachers assumed leadership roles in integrating making with the 
curriculum and developing interdisciplinary project-based units, these were isolated 
examples within the broader organizational context and required a high level of teacher 
interest and investment to sustain. Findings revealed a lack of school-wide expectations, 
frameworks or practices, and challenges in expanding upon successful examples in part 
due to the instructional leadership priorities described above and in part due to a lack of 
teacher expertise, interest and opportunity for collaboration.  
 These findings align with those of researchers investigating makerspaces and 
interdisciplinary STEAM teaching who have noted similar obstacles to the 
implementation of interdisciplinary or transdisciplinary instruction. For example, Jho and 
colleagues (2016) found that although teachers had difficulty communicating with 
teachers of other disciplines, strong collaborative practices in which teachers rotated roles 
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and built on each other’s strengths, were key to successful examples of STEAM 
implementation.  With respect to surmounting these communication challenges, Jho and 
colleagues noted the importance of shared visions of the purpose of STEAM, as well as 
an investment in an “innovative” atmosphere (Jho et.al, 2016, p. 1856). Hunter-Doniger 
and Sydow have similarly noted the importance of a professional culture supporting risk-
taking and productive failure, as well as a shared vision of the characteristics and value of 
STEAM as a supportive condition for collaboration (Hunter-Doniger & Sydow, 2016). 
Likewise, despite having “identified educational purposes (e.g., developing students’ 
agency and autonomy), and curricular commonalities for makerspaces (e.g. enacting 
PBL)”, the makerspace leaders in Harron and Hughes (2018) study encountered 
challenges around “including (a) curricular connections, (b) focus on tools vs. learning, 
(c) sustainability, and (d) equitable practices” that created hurdles to integrating 
makerspaces more widely within their schools (p. 263). This study’s findings regarding 
both the institutional and ideological challenges, as well as the importance of 
collaboration and school-wide instructional priorities reinforce the importance of 
developing a shared vision and collaborative approach to implementation.  
 In the case of this school-based makerspace, administrators were focused on 
accountability requirements rather than on expanding opportunities and dispositions 
towards collaboration and risk-taking, or developing a shared vision and pedagogical 
framework. Although attending to the requirements of state curriculum frameworks is 
necessary in the context of a public K-12 environment, as Collins (2017) has pointed out, 
“the problem is with the specific content of what school is teaching in these domains and 
what it is leaving out” (p. 2). A pedagogical framework for successfully integrating 
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making in the public school context should address the need to meet accountability 
requirements, but also incorporate the elements that are left out, such as the humanistic 
and meta knowledge domains presented by Keruluik (2013), or students’ experiences of 
injustice as described by Calabrese-Barton and Tan (2018). In fact, even despite the 
limitations discussed above, this school-based makerspace was indeed making some 
progress towards these goals as evidenced by students’ understanding of the importance 
of ‘meta knowledge’ (Keruluik, 2013) skills to their work in the makerspace, and 
teachers’ incorporation of community-embedded work towards environmental justice. 
 In order for these efforts to achieve equitable results, my findings related to 
student experiences of making confirmed the importance of attention to the hierarchies, 
power-relationships and historical inequities inherent to traditional disciplinary and 
educational practices. While the principal in this study ascribed to a general approach to 
improvement that was not focused specifically on individual groups or subgroups of 
students, referring to the school’s focus on improving instruction for all students with 
comments such as, “A rising tide floats all boats”, findings suggested that greater 
attention to disparities in the experiences of groups of students according to gender, race, 
socio-economic status, or other forms of diversity was warranted.  
 These findings align with the perspective that Hatch and colleagues have 
described in which they suggest that explicit conversations about equity are necessary for 
instructional leadership to effectively support equitable outcomes. Similar to Calabrese-
Barton and Tan’s emphasis on directly addressing issues of historical injustice, Hatch and 
colleagues state, “…achieving more equitable learning outcomes district-wide will 
depend on coordinating and integrating efforts to develop a common focus on instruction 
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with initiatives that focus explicitly on equity and race as well.” (Hatch et. al, 2020, p. 
73). As the findings of this study have confirmed, a shared pedagogical framework for 
making must also prioritize this direct approach to achieve equitable results. 
Collaboration 
 Collaboration represents an additional and important area of focus for 
successfully implementing a framework for maker learning. As Harris (2003) affirms, 
“Creating supportive structures, including a collaborative environment is the 'single most 
important factor' for successful school improvement and 'the first order of business' for 
those seeking to enhance the effectiveness of teaching and learning” (p. 380). A 
collaborative environment was essential to teachers engaging in the interdisciplinary PBL 
unit and also played a key role in administrators’ school improvement efforts. 
 Findings revealed two distinct types of collaborative contexts. While on the one 
hand, teachers who chose to participate in interdisciplinary collaboration through the PBL 
unit were engaged in the type of interdependent collaboration that Little (1990) describes 
as “joint-work” (p. 512), the practices described by school administrators more closely 
resembled the independent forms of collaboration at the other end of Little’s continuum 
(1990 p. 512). These findings are consistent with Hargreaves’ description of studies 
completed by the OECD in which “The most frequent collaborative practices reported by 
teachers were discussing individual students and sharing resources. Less frequently, they 
engaged in team teaching and collaborative professional development. Least frequent of 
all were joint activities and classroom observations.” (Hargreaves, 2019, p. 609). While 
not surprising in terms of their replication of similar trends across the OECD, the impact 
and conditions contributing to these two different forms of collaboration revealed 
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important dimensions of the organizational challenges inherent to integrating making and 
interdisciplinary project-based learning within a traditional public school context. 
 These findings point to an area of concern with respect to developing cultures of 
collaboration that effectively support a school-wide cultural shift towards a 
transformative vision of making. Unlike the self-directed collaboration involved in the 
interdisciplinary PBL unit, in the case of the school’s data teams, administrators directed 
collaborative planning time towards a specific set of practices for data use. As a “pre-
determined” structure resulting from the “exercise of administrative power” this form of 
collaborative practice shared aspects of what Hargreaves (2019) refers to as “contrived 
collegiality” (p.610). Drawing from his large-scale research study on processes of 
educational change, Hargreaves described the distinction between this practice and 
genuine forms of collaboration writing that “Collaborative cultures were established 
through informality and spontaneity around interests and activities that teachers created 
themselves, and were flexibly organized in time and space. Contrived collegiality, 
meanwhile, was formal, predetermined, and fixed in time and space in pre-set meetings 
through the exercise of administrative power.” (Hargreaves, 2019, p. 610). This 
distinction provides an important nuance to the task of understanding the examples of 
collaboration that participants described in relation to making as well as school-wide 
instructional practices and priorities. 
 Teacher and administrator perspectives affirmed the notion that not all forms of 
collaboration were equal. The administrator-initiated collaborative groups represented an 
emergent and superficial form of collaboration in contrast with the more established and 
deeply engaged teacher-initiated collaboration involved in the PBL unit. Moreover, these 
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two versions of collaboration at the school had opposite effects in terms of supporting the 
integration of making within the curriculum. While the teacher-initiated collaboration 
generated opportunities, the administrator-initiated collaboration limited them by 
constraining teachers’ autonomy in their use of planning time. These findings point to the 
importance of critically evaluating the collaborative practices surrounding the 
implementation of a makerspace, as well as the need to support and build upon successful 
examples of teacher-initiated collaboration as assets in the process of creating change. 
Professional capital  
Professional capital, as defined by Hargreaves and Fullan (2012), is comprised of 
human capital, in the skills and attributes that individuals bring to their work, social 
capital, in the ties that allow them to share knowledge and information, and decisional 
capital, in the exercise of professional judgment built over time. All three forms were 
relevant to the work of integrating making within the curriculum. However, given that in 
the context of this study, teachers’ and administrators’ networks and relationships were 
not a focus, findings most frequently highlighted the importance of human and decisional 
capital. In the following section, I discuss the relationship between the collaborative and 
interdisciplinary process of integrating making within the curriculum and the three 
dimensions of professional capital. 
Social capital 
  One important feature of teachers’ ability to build social capital through making 
was the interdisciplinary nature of collaboration in this area. This feature of making and 
consequently of teachers’ collaboration in integrating making within the curriculum 
meant that teachers developed connections and interacted meaningfully and frequently 
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with teachers of other subject areas. As Hargreaves attests, “Breaking down silos in 
cultures of teaching between different subjects, different levels, or between classroom 
teachers on the one hand and second language or special education teachers on the other, 
for example, remains a constant challenge in efforts to educate the whole child or 
integrate the curriculum.” (Hargreaves, 2019, p. 606). In the case of the maker-inspired 
interdisciplinary PBL unit, teachers successfully broke down the barriers between 
subjects, and between the roles of core content teachers and second language and special 
education teachers to collaborate and co-teach a fully integrated PBL unit.  
 This resulted in significant opportunities to interact with and build social capital 
among teachers who otherwise would have had much more limited opportunities to 
engage with one another. As Spillane recognizes, “Aspects of the formal organizational 
structure such as formally designated positions (e.g., school principal, teacher), 
organizational subunits (e.g., grade levels or departments), and formal organizational 
routines (e.g., faculty meetings, grade-level meetings) both enable and constrain 
interactions among staff.” (Spillane et. al., 2012, p. 1116). In comparison to the 
constraints that teachers described in relation to unstructured collaboration time, as well 
as other ‘organizational subunits’ such as specialist departments and grade level cluster, 
the existence of the project-based learning unit provided an important opportunity for 
teachers to build social ties with other teachers across formal organizational roles. While 
social capital gains were not guaranteed by these increased opportunities for 
collaboration across organizational roles, making and the associated interdisciplinary 
PBL unit offered an opportunity for the development of social capital, albeit through 
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processes that were less readily observed than those involved in developing human and 
decisional capital. 
Human capital  
 This work also presented opportunities to apply and build upon teachers’ human 
capital. While teachers directly referenced the importance of building human capital 
through professional development, the leadership involved in teachers’ interdisciplinary 
collaboration also offered a means of reinforcing existing human capital and reclaiming 
the sense of professionalism that Day and Smethem (2009) caution teachers are in danger 
of losing. These authors warn that, "the persisting effect [of reform] is to erode teachers' 
autonomy and challenge their individual and collective professional and personal 
identities. " (p. 142). While this was true to a degree in the sense of the top-down 
approach to instructional alignment pursued by the principal in response to the school’s 
turnaround status, in the case of the group of teachers leading the PBL unit, engagement 
with making and interdisciplinary learning allowed them the opportunity to forgo 
traditional instructional practices and assert their collective professional identities. In this 
instance, teachers were able to apply their human capital through “joint work” (Little, 
1990) in which their skills and knowledge were recognized and valued by their 
colleagues and contributed to the success of the collaborative effort. 
Decisional capital  
 Finally, interdisciplinary collaborative work and engagement with making was 
tied to opportunities for teachers to demonstrate and build their decisional capital. 
Teachers experienced the process as an opportunity to reflect on their own instructional 
decisions in relation to colleagues, as well as an opportunity for asserting their own 
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decisional capacity through initiating a project, securing grant funding, and sustaining 
this practice over consecutive years despite changes in administrative priorities and 
staffing. Teachers’ commitment to engaging in this interdisciplinary unit and increasing 
their collaborative planning time with colleagues also increased their opportunities to 
engage in reflective conversations about their practice that shaped their professional 
judgment and decision-making.  
 While these teachers worked successfully and independently as an 
interdisciplinary team, this practice also represented a missed opportunity to ensure that 
opportunities to build decisional capital were in fact realized in alignment with school-
wide practices and equity goals. Vossoughi and colleagues (2016) have pointed to the 
benefits of similar collaborative work noting the impact of critical reflection on teachers’ 
decisional capital. The authors highlight the changes to practice made possible by 
“guided reflection” on teachers’ decision-making stating, “Writing and talking about the 
pedagogical details of moment-to-moment interactions with students often surfaces 
deficit-oriented assumptions and creates the space to co-develop more equitable 
practices.” (Vossoughi et al. 2016, p. 216). In this sense, teachers’ independent 
engagement in reflective and collaborative processes offered a valuable opportunity for 
school leaders to facilitate conversations about the ‘moment-to-moment interactions’ 
(Vossoughi et al., 2016) that define decisional capital, and to build on this investment as a 
means of aligning teaching practices with equity goals. 
 Taken together, these findings around professional capital are important for 
instructional leadership as they point to the potential benefits to be gained by situating 
making at the center of a vision for school-wide change and improvement. The 
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collaborative practices involved in integrating making with the curriculum provided a 
number of possibilities for expanding professional capital within the school by supporting 
opportunities to build social, human and decisional capital. Understanding the capacity 
for making to catalyze efforts to improve instruction and develop teachers professional 
capital could allow school leaders to build on their existing resources and reinforce 
collaborative cultures of learning through making. 
Implications for practice 
 In this section, I share potential implications of this work for practice. I begin with 
a focus on equity and inclusion, which is then revisited and embedded within many of the 
other implications. In addition, I share implications in relation to four other areas: 
engaging community expertise, establishing frameworks and expectations, school-wide 
implementation, and capacity building and engagement. Each of these areas include key 
opportunities for promoting school-based making that is grounded within the community, 
structures, and knowledge that support equitable learning outcomes.  
Design for equity and inclusion  
 A specific focus on equity is critical to the success of efforts to build capacity 
among teachers and leaders to successfully implement making within the K-12 
curriculum. The findings of this study revealed that neither school leaders nor teachers 
specifically addressed or evaluated the impact of their maker learning environments on 
specific historically marginalized groups of students, and findings indicated notable 
discrepancies between student experiences according to gender. Biases within the 
dominant culture of making at the school point to the importance of continued reflection, 
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and the need to place issues of equity in a central role within teachers’ professional 
learning and planning.  
An explicit focus on equity could take many forms within the school, makerspace 
and instructional practices. For example, professional learning experiences might include 
opportunities to engage teachers in a critical examination of representation in available 
media and instructional materials related to making, to provide greater visibility and 
awareness of historical inequities in STEAM, and support teachers in developing 
strategies to directly address these inequities with students through dialogue and counter-
narratives. These counter-narratives could be enacted through the inclusion of a wider 
range of practices, tools, materials, and visual references within the makerspace and 
maker materials in classrooms. This might include the use of posters, texts, websites and 
other instructional materials that showcase non-western art, design, architecture, fashion, 
or repair as examples of making, or the more prominent display and availability of 
historically female-gendered tools and materials such as those related to textiles, cooking 
or visual arts. School-wide data practices might also expand to include the analysis of 
students’ self-reported experiences of inclusion, belonging and wellbeing alongside 
disciplinary performance data with attention to disparities between various identity-based 
sub-groups. Practices such as these would allow for an actively anti-bias approach to 
integrating making within the curriculum. As this study’s findings have confirmed, the 
makerspace alone cannot be responsible for creating transformative change. Rather the 




Engage students, teachers and community members as experts 
 In order for educators to design maker learning experiences with an explicit 
orientation to equity and social justice, teachers and school leaders should also engage 
with their communities to better understand the outcomes that students and their families 
desire. Rather than assuming that the success of the space within the community will be 
measured by ‘access’ to STEAM, or increased academic performance on standardized 
tests, parents and students should be able to contribute to defining the markers that will 
serve as evidence of success. Parents, students or community members might for example 
wish to see evidence that making improves students’ social and emotional well-being, 
knowledge in a particular area of value to the community, or civic engagement, all of 
which are unlikely to be emphasized by a model based on the metrics of standardized 
tests. In this way successful school-based makerspaces could be measured according to 
the achievement of ‘equitable’ and ‘consequential’ learning described by Calabrese 
Barton and Tan (2017). This redefinition of success could also open opportunities for the 
‘rightful presence’ of students from groups whose knowledge and contributions have 
been left out of traditional definitions of success in making and STEAM. 
 Teachers and school leaders should seek to engage the expertise of students, 
teachers and community members as educators and co-constructors of a makerspace. As 
teachers’ and students’ perspectives revealed, participation in making is directly related 
to the skills, values and practices represented in a given makerspace. These values and 
practices in turn are influenced by the individuals who are positioned as leaders of 
learning in that space. These findings confirm the need for facilitators and school 
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administrators to become more active and adept at providing opportunities for students, 
teachers, and community members to lead learning in making.  
 This approach would have the effect of creating a more inclusive definition of 
making by providing opportunities for a greater range of skills and knowledge to be 
shared among participants, and by positioning students, teachers and community 
members as powerful agents in making and change. This might include events that 
Calabrese Barton and Tan (2018) describe as exemplifying “equitable” and 
“consequential” making (p. 16) such as workshops “designed and enacted by youth to 
share their developing STEM-rich making expertise through teaching other youth at their 
community clubs” (Calabrese Barton & Tan, 2018, p. 16). Similar to Collins’ (2017) 
suggestion that 21st century schools develop models by which older student ‘experts’ lead 
teams of younger ‘novices’ in processes of collaborative problem solving, these practices 
position students as active learners and bearers of powerful knowledge. Extending this 
practice to include teachers, as well as other community members would offer significant 
opportunities to address the limitations inherent to relying only on the skills and 
knowledge of a makerspace facilitator, and would increase the possibilities for providing 
a transformative and inclusive learning environment. 
Formalize expectations and develop a framework for maker learning 
 My findings stress the importance of establishing clear instructional priorities and 
a common pedagogical approach that is aligned with the task of supporting making 
priorities across disciplinary learning environments school-wide.  One way of supporting 
this work is for teachers and instructional leaders to work together to formalize 
expectations and develop a framework for maker learning. Recognizing a similar need 
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within the research community, Vossoughi and colleagues state,  
“Currently, making is being incorporated at scale in rapid ways without 
adequately considering the structural changes and material and pedagogical 
resources required to support learning for all students. We therefore see a crucial 
need to create the time, space, and analytic tools necessary to embrace the 
complexity of placing culture, power, and equity at the center of the design and 
research of making. In this spirit, we propose a framework that highlights four 
alternative starting points for equity-oriented design: critical analyses of 
educational injustice, historicized approaches to making as cross-cultural activity, 
explicit attention to pedagogy, and inquiry into the sociopolitical values and 
purposes of making.” (Vossoughi, et al. 2016, p. 227).  
 
The four categories Vossoughi and colleagues propose could serve as a starting point for 
teachers and principals interested in developing such a framework. In fact, while these 
authors are speaking directly to the project of making in education, the ideas at the heart 
of these statements, and at the heart of the findings of this study can be magnified to 
address the purpose of schooling itself. Acknowledging that like making, we should also 
take a historicized approach to learning as a cross-cultural activity, and inquire into the 
socio-political values and purposes of learning in schools, making can become a 
microcosm of tensions and possibilities within public schooling more broadly. In this 
sense the four alternative starting points Vossoughi and colleagues describe could be not 
just a framework for making but a framework for learning and schooling. In conjunction 
with state curriculum frameworks, these categories could serve as the foundation for 
connecting making with expectations for academic and social and emotional development 
across the k-12 grades, as well as the broader societal purpose for schools to serve as 
democratic sites of communal learning.  
 Additionally, such a framework could incorporate a system of dispositions and 
beliefs similar to those described by Collins (2017) in which five ‘habits of mind’ formed 
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the basis for a set of reflective questions that cut across disciplinary content areas. Collins 
describes a school in which these questions provided a framework for accessing 
disciplinary content and where, “students were encouraged to develop a disposition to ask 
themselves these questions as they went through the school, because the questions were 
central to everything they did in the school” (Collins, 2017, p. 9). This practice of 
focusing on reflective questions created a school-wide structure that allowed students and 
teachers greater opportunities to recognize and develop connections between disciplines 
as they approached and solved problems (Collins, 2017). In practices of school-based 
making, teachers and students could use a similarly unified approach encompassing 
critical thinking, understanding multiple viewpoints, and consideration of connections 
and consequences related to the material with which they were engaged.  
 Such a framework would provide teachers and school leaders with a tool for 
designing, evaluating and reflecting on their integration of making within the curriculum 
and its impact on student learning. Outlining specific connections between state 
expectations for disciplinary content area instruction and critical practices of making 
would provide teachers and instructional leaders with a planning tool to facilitate their 
ability to meet both accountability goals as well as the goals of a critical maker pedagogy. 
This would support teachers and school leaders in designing lessons that effectively 
utilize making as a means of centering student experiences and knowledge and engaging 
in social-justice oriented 21st century learning practices. Based on this work, teachers, 
administrators and instructional leaders might then be able to construct rubrics that could 
be used to support evaluation and continued reflection on pedagogical goals and student 
learning. Engaging in the process of developing a shared framework for maker learning 
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and formalizing expectations for its use could yield substantial benefits for schools 
seeking to document student learning and optimize their access to the potential benefits 
that a makerspace can provide. 
Invest in school-wide implementation  
 Related to the need to adopt a shared framework for maker learning, my findings 
suggest that in order to fully realize their potential, school leaders would benefit from 
investing in school-wide implementation of the makerspace as an integrated component 
of the curriculum and as a pedagogical approach rather than an ‘add on’ option dependent 
on teacher or student interest. Given the inequitable experiences related to the use of 
interest as the primary driver for involvement with the makerspace in this study, this 
investment is also crucial to achieving equitable outcomes. Additionally, a school-wide 
and integrated approach would offer greater opportunities for stakeholders across the 
school community to experience and embrace making as a valuable component of their 
learning, a condition central to sustaining an effective and equitable making program.  
 Similar to findings described by Owston (2007) in his research on the 
sustainability of technology supported pedagogical innovations, implementation of the 
makerspace in this study was influenced by “essential conditions” that were “necessary 
but not sufficient for innovations to be sustained” as well as “contributing conditions” 
that served as facilitating factors in the sustainability of innovative practices (p. 68). 
Echoed in my findings regarding the organizational context surrounding the makerspace, 
the essential conditions that Owston describes as necessary but not sufficient for 
sustainability included: (a) administrative support, (b) teacher support (including 
investment in teacher professional development), (c) student support, and (d) the 
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perceived value of the innovation (Owston, 2007). In the case of this makerspace, my 
findings revealed that these conditions were only partially present. Given these trends, 
and the challenges associated with attempting to enact a transformative vision for making 
from a peripheral position within the school, leaders interested in maximizing 
opportunities for equitable maker learning would benefit from attention to Owston’s 
(2007) supportive factors to invest in school wide implementation. 
Build capacity and teacher engagement 
Professional learning 
 As also recognized by Owston (2007), investment in expanding teacher capacity 
through professional development is an essential condition for supporting the 
sustainability of pedagogical change. In the case of the makerspace observed in this 
study, it was clear that while additional collaboration and planning time would have 
supported the facilitator and teachers who were already interested in making, there was a 
need for greater opportunities for professional development to enable equitable 
integration of making within the curriculum. Teachers who were not engaged in the space 
would have benefitted from professional learning experiences that invited them to shape 
the culture of making at the school. In this sense, the makerspace as an example of 
educational change would have been best supported by an approach that positioned 
administrators as leaders of learning. 
 These findings confirm what Hargreaves (2019) has noted in his research on 
practices of collaboration in that “Leadership, and not just time alone, was needed to 
change the culture of teaching (Hargreaves, 1994a).” (Hargreaves, 2019, p. 607). In 
offering teachers the leadership support to expand these practices, formal professional 
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learning experiences could be enhanced by engaging in practices that also draw upon 
teachers’ knowledge and professional capital through intentional structures that increase 
opportunities for educators from different disciplines, or in different roles to interact and 
strategize around building an equitable program for making.  
Reflection and Action 
 Additionally, instructional leaders should create an environment in which teachers 
are able to take advantage of reflective and collaborative practices to apply their 
decisional capital. As Datnow suggests, “leaders need to ensure that teachers have the 
flexibility to actually make changes in classroom instruction based on data. … it is all 
well and good to get teachers together to create action plans, but their efforts will be 
thwarted if the district pacing plan does not allow them the space or time to teach in new 
ways.” (Datnow, 2011, 157). Teachers’ comments in this study directly echoed these 
concerns as they described the pressures that many felt to rush through their curriculum 
requirements, leaving little room for experimentation with interdisciplinary or maker 
learning. If teachers and school leaders are to realize the benefits of collaborative inquiry 
and critical maker pedagogy, they will need to embrace the type of decisional capital 
Datnow (2011) describes. Not only will they need to invest in a collaborative process of 
setting clear expectations and developing a framework for learning, they will also need to 
offer the support for teachers to engage in critical reflective conversations that result in 
actual changes to classroom practice.  
School-wide Collaboration 
Combining professional development with a collaborative learning environment 
emphasizing teachers’ professional capital, would provide school leaders with the 
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opportunity to expand existing successful practices to include those who may not have 
been involved due to their roles or opportunities for engagement. As Hatch and 
colleagues describe, “districts might be able to designate particular individuals to serve as 
formal “hubs” and “brokers,” responsible for facilitating communications across roles 
and for connecting conversations on instruction, equity and race (2020, p. 86). Education 
leaders can also create organizational routines specifically designed to bring together 
members of the organization who by virtue of their role, location, engagement (or lack of 
engagement) in work and conversations on instruction and equity are unlikely to 
regularly interact (Feldman and Pentland, 2003; Spillane et al., 2011). While the work 
Hatch (2007) describes is focused on equity in school improvement and not specific to 
making, the “boundary practices” and routines that he mentions (p. 86) could offer the 
same benefits for achieving equity in the context of school-based making by connecting 
teachers and administrators through “ a common network and support[ing] the 
development of community cohesion” (Hatch et. al, 2020, p. 86). Inviting teachers to 
engage in making though inclusive and accessible professional learning opportunities, 
and engage with colleagues across the school in conversations focused on equity and 
making would build upon teachers’ knowledge and professional capital while allowing 
school leaders to better support a cohesive and equitable culture of making. 
Implications for future research 
 In addition to practice, my study also has potential implications for future 
research. This section focuses on three specific areas that warrant continued exploration. 
The first of these areas pertains to organizational contexts and leadership. Findings in 
this area revealed tensions that are not easily resolved and merit further inquiry. The 
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second area relates to the relationships between materials, disciplines, and identities. 
These complex relationships relate closely to the equitable design of maker learning 
environments and deserve additional attention within this body of research. Lastly, I 
present the need for continued research addressing equity in student experiences and 
learning outcomes. This is particularly important in providing greater understanding of 
the impact of making when enacted in school settings. Continued research across these 
three areas will contribute valuable insights into the structures and practices that are best 
suited to creating and maintaining an equitable program for school-based making. 
Attend to organizational contexts and leadership 
 My findings point to the need for greater attention towards the relationships 
between the learning that takes place in school-based makerspaces and the larger 
organizational and instructional contexts in which this learning is situated. While some 
may question whether this it is possible to achieve an equitable program for making in a 
formal school setting, I argue that we would be better served by approaching making in 
schools through the lens of desire for the ‘not yet’, or the ‘not anymore’ to which 
Calabrese-Barton and colleagues refer (2018). Given its potential there is a need to hold 
out hope for making as a form of educational change that can move teaching and learning 
in the direction of both inquiry and equity. While there is a real danger that making as an 
unexamined practice can lead to the reification of inequities, when implemented within 
the context of a vision that includes a school-wide pedagogical shift towards a socially 
just, hands-on, inquiry-based form of instruction, making holds great promise as a tool 
for creating more inclusive and equitable STEAM learning communities. Future research 
needs to focus on this potential within the context of organizational systems and school 
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leadership. 
As described above, many of the common challenges to successfully and 
equitably integrating making within existing school structures revolved around 
competing models for teaching disciplinary content and for measuring student 
performance. These tensions within the organizational and instructional leadership 
priorities at the school held downstream consequences for what Nichols (2020) refers to 
as the “socio-material infrastructures whose alignments and frictions condition” the 
outcomes of innovations (p. 61). Infrastructures such as standards, curricula, schedules, 
physical layouts of classrooms and the makerspace, available tools and materials all 
existed in a mutually influential dynamic with participants’ identities, experiences and 
visions for making. For this reason, in seeking to create a more sustainable, effective and 
equitable form of making in public schools, it would be beneficial, as Nichols (2020) 
states, to change the understanding of this dynamic and “shift the locus of innovation: to 
see it not as something external to public schools, but within them; to see the 
development of an equitable educational commons as one of the most ambitious 
innovations for which we can strive; and to weigh the value of new trends and 
technologies by their potential to contribute or detract from this aim” (p. 76). With this 
shift, teachers, school leaders and students might have a better chance of bridging the 
tensions and surmounting the challenges described in the findings of this study. As such, 
future research should continue to investigate the variety of factors at play in determining 
the sustainability of makerspaces and how they may serve as an example of equitable and 
innovative change led from within.  
 In discussing his related research on the sustainability of innovative technological 
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change, Owston summarizes a set of concerns that will also be particularly fruitful to 
consider as a means of understanding supportive conditions for the sustainable 
implementation of school-based making programs. He describes these concerns stating: 
“Datnow, Hubbard, and Mehan (2002) classified reasons why reforms do not last 
into three categories: agency, culture, and structure. Agency reasons concern the 
actions taken by educators in not implementing reforms as intended or designers 
not being sensitive to local circumstances. Cultural explanations consist of how 
innovations are shaped by introducing them into new school settings: schools 
change the reform as much as the reform changes schools. The third category 
deals with how state or district structures, including programs and policies, 
interact with and affect local school reform efforts. More generally, Elmore 
(1996, p. 2) argues that innovations that require large changes in the ‘‘core of 
educational practice,’’ that is how teachers ‘‘understand the nature of knowledge 
and the student’s role in learning,’’ seldom penetrate many schools and when they 
do, they seldom last for long. Thus, the further an innovation is from the normal 
practices in a school, the lower the likelihood is that it will be sustained.” 
(Owston, 2007, p. 64-65). 
 
Future research on the organizational contexts for making would thus also benefit from a 
focus on the categories of agency, culture and structure referenced above as a means of 
investigating educators’ reasoning around their own implementation or lack of 
implementation of making, student experiences and perspectives, as well as the impact of 
surrounding practices in diverse school settings, and the relationship between making and 
larger district or state policies and structures. The complex interactions between 
educational infrastructures and values, combined with the distance between making and 
the typical practices of traditional k-12 environments, and potential changes to teachers’ 
understanding of the “nature of knowledge and the student’s role in learning”, confirm 
the importance of continued research that carefully examines student and teacher 
experiences adapting making within existing infrastructures to better understand how an 
equitable form of educational making can emerge as an innovation from within schools. 
Such a focus is necessary to develop a more complete awareness of the conditions that 
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promote or inhibit the effective implementation and sustainability of making in schools.  
Investigate relationships between materials, disciplines and identities  
 In addition to the challenge of sustaining making as an educational innovation, 
my findings have revealed the importance of attending to the complex relationships 
between materials, disciplines and identities that exist in any given makerspace. Although 
researchers in the field of educational making have made valuable contributions to 
understanding many of the hierarchies and power dynamics involved in these 
relationships (Peppler 2013, 2018; Calabrese Barton & Tan, 2018; Vossoughi et. al., 
2016; Barajas-Lopez & Bang, 2018), the inequities present in student experiences and the 
dominant culture of making at this school confirm the importance of continued attention 
to this topic, particularly in the context of school-based making. As Calabrese Barton and 
Tan attest, “Even when making projects support authentic engagement on a problem one 
cares about, there has been limited critical engagement with what constitutes 
consequentiality in making or for whom.” (Calabrese Barton & Tan, 2018, p. 4). This 
challenge was also evident in teachers’ sentiments that they did not feel they had the 
appropriate knowledge base or interests to independently engage their students in 
making, or to see themselves as makers. The persistence of these barriers to equitable 
participation for students as well as their teachers, points to the critical importance of 
actively representing diverse forms of making and explicitly challenging the powerful 
and exclusionary messages carried by dominant narratives and definitions. My findings in 
this regard point to a need to develop greater awareness of the relationship between 
identity, materials, belonging and ‘consequentiality’ (Calabrese Barton & Tan, 2018) in 
making for both students and teachers. While this is an important area of inquiry within 
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the broader research on educational makerspaces, it is of particular importance to making 
in schools. Unlike informal learning environments in which individual participation is 
voluntary, the inclusion of making as an element of a compulsory educational 
environment heightens the need to ensure that the practice of educational making disrupts 
rather than reinforces historical inequities. 
Generate data on equity in student learning experiences and outcomes 
 While this study did not explicitly apply the lens of the “mobilities of criticality 
framework” that Calabrese Barton and Tan apply to their own community ethnography 
work (2018), the principles of this framework have been useful in analyzing and situating 
the data generated in this study within the context of equity in school-based making. The 
categories outlined in this framework of movement, intersectional geometries of power, 
place-making, and presence offer four possible streams of inquiry to explore school based 
making more deeply. Specifically, future research would benefit from applying this 
framework to the generation of data focused on student learning experiences and 
associated educational outcomes. My findings touched upon the ways that school-based 
making can alter traditional practices surrounding the movement of people and ideas, as 
well as the ways that teachers and students use making to engage in place-making within 
the larger pre-existing places and structures of school. These findings suggest the value of 
exploring such boundary crossing practices in more detail, along with attention to the 
ways that these practices address intersectional geometries of power and promote rightful 
presence (Calebrese Barton & Tan, 2018, Vossoughi et. al., 2016). Further inquiry into 
the ways that teachers’ and students’ identities, histories and experiences shape the 
transformative possibilities of making in schools would provide valuable insights for 
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practitioners as well as school leaders seeking to improve equitable maker learning 
opportunities. Given these initial findings, a focus in future research on student 
experiences, as well as closer attention to evidence of student learning would be 
particularly relevant to resolving the tensions between measurement and accountability, 
and a critical pedagogical approach. 
Conclusion  
 In its purposes and limitations, the makerspace in this study is representative of 
many of the tensions, challenges and possibilities presented by the movement to 
incorporate making as an educational innovation within the K-12 context. The aspirations 
and goals described by teachers and leaders at this school echoed many of the broader 
aspirations and goals of maker education. Through hands-on, authentic and interest 
driven learning, teachers and school leaders envisioned the makerspace increasing 
student engagement with the curriculum, particularly for students who struggled with 
more traditional forms of instruction, and hoped to provide students with increased 
opportunities to develop technological and 21st century skills. While this school did not 
take a social justice stance towards making, but rather ascribed to a neutral approach of 
improving teaching and learning for all, individual teachers described connections 
between making and improving outcomes for specific sub-groups of students, as well as 
goals related to civic engagement and environmental justice. As this study confirmed, 
such a neutral approach is not effective in counteracting systemic inequities inherent to 
the disciplinary and educational cultures associated with making. Instead, attention to 
equity and social justice must take a central role. However, while it was not consistently 
or equitably achieved, teachers and school leaders did recognize the potential that the 
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makerspace represented for supporting students failed by traditional instructional 
practices, engaging with students’ interests, and supporting them in authentic and 
collaborative problem-solving practices with real-world impact. 
 At the same time, requirements specific to the public K-12 context presented a 
distinct set of challenges to meaningfully integrating making within the core practices of 
teaching and learning across the school community. Given the spontaneous and 
exploratory nature of making, and the often linear and measured approach associated 
with formal instruction in K-12 public schools, it is not surprising that the translation of 
making practices to the school environment would result in significant tensions or shifts. 
While accountability pressures often undermined the momentum and possibilities of 
maker learning, students’ positive experiences of making and their understanding of its 
connections to 21st century skills revealed a possible path towards integrating making 
through explicit connections to these skills within state curriculum frameworks.  
 Attention to the ways that conflicting characteristics of making and schooling 
played out in the experiences of teachers, students and administrators in this study 
revealed the importance of attending to both the organizational context and educational 
equity, as well as new directions to explore in the process of realizing the transformative 
potential of school-based making. Even when faced with structural and cultural 
challenges, teachers and students shared positive experiences and developed significant 
opportunities to explore the benefits of integrating making within the curriculum. Though 
this study demonstrated the substantial work required to make a school-wide shift 
towards a pedagogy of equitable and consequential making, it also revealed hopeful signs 
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of the benefits that such a shift might offer for students, teachers, and the school as a 
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Appendix A: Interview Protocols 
Teacher Individual Interview Protocol 
 
Purpose: 
1) What is Making? 
2) Do you consider yourself a maker? Why or why not? 
3) What do you see as the purpose of the makerspace? 
4) How do you use the makerspace in your instruction? 
5) What aspect of the makerspace is most appealing to you? 
 
Collaboration: 
6) What do you find beneficial or challenging about interdisciplinary collaboration, or 
working with colleagues from other disciplines? 
7) How do you think that students’ learning in the makerspace relates to their learning in 
other areas of the curriculum, or to specific curriculum standards or frameworks?  
 
Equity: 
8) What makerspace materials or resources do you use the most with your students? 
9) How do think your students feel about the makerspace? Why do you think this? 
10) Do you think that all students feel equally comfortable or engaged in the lessons in 
the makerspace, or do you think that there are differences in how students from different 
backgrounds, or of different genders engage or participate?  Why? What do you notice 
that makes you say that? 
 
Organizational supports or constraints: 
11) How does the school or district support your use of the makerspace? 
12) What challenges do you experience relative to the makerspace? 
 
Teacher Focus Group Interview Protocol 
 
Purpose: 
1) How does the makerspace relate to your curriculum as a whole? 
 
2) How do you make sure that the work in which students are engaged in the makerspace 
aligns with the curriculum standards across different content areas? 
 
Collaboration: 
3) How does the makerspace impact your collaboration with colleagues? 
4) What do you find beneficial or challenging about interdisciplinary collaboration, or 
working with colleagues from other disciplines? 
5) How do you think that students’ learning in the makerspace relates to their learning in 
other areas of the curriculum, or to specific curriculum standards or frameworks?  
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Organizational supports or constraints: 
6) What professional development experiences do you feel have been most relevant to 
your use of the makerspace? 
 
Equity: 
7) Do you notice differences in engagement or interest among your students? Do your 
students seem more or less interested or engaged in their projects in the makerspace as 
compared to other components of your curriculum or instruction, or other subject areas 
involved in the makerspace? 
 
Makerspace Facilitator Follow up Interview Protocol 
 
1) What do you think are the main factors underlying the tendency for certain groups of 
students to engage with the makerspace more than others? 
 
2) Does student involvement in other activities that take place in the space (like gaming 
or lunch groups for example) lead to other forms of participation for those students? 
 
3) Could you describe the full range of ways or times during which students are currently 
able to access the space? 
 
4) Could you talk about how you see your position evolving, or in an ideal world, how 
you would address some of the challenges of the way your role is currently defined, 
particularly with respect to engaging teachers with making or providing professional 
development? 
 
5) Do you think there are essential Maker skills that should be part of students' learning 
in the Makerspace and that should be part of teacher's learning, if they were to have some 
type of Maker-specific professional development? How do you see those skills being 
addressed currently? 
 
6) How has the focus or momentum behind the makerspace changed or stayed the same 
since the early stages of its implementation? 
 
7) Could you describe other ways that you work with teachers and students through more 
formal structures like clubs, classes or specific projects, and how you see those activities 
connecting with making or the makerspace? 
 
School Leader Interview Protocol 
 
Purpose: 
1) What is making? 
2) Do you see yourself as a maker? 
3) What do you see as the purpose of the makerspace? 
4) How do you feel that the makerspace connects with broader school-wide goals and 
vision for learning? 
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5) How do you think that students’ learning in the makerspace relates to their learning in 
other areas of the curriculum, or to specific curriculum standards or frameworks? 
 
Leadership: 
6) How do you expect teachers to use the makerspace in their instruction? 
7) What is the history of the space? What were the factors that led to its creation?   
 
Organizational supports and constraints: 
8) In what ways do you feel that the makerspace is successful? In what ways do you think 
it could be improved? 
9) How do you support teachers to collaborate across disciplines in the context of the 
makerspace? 
10) In what ways do leadership decisions regarding the allocation of resources support 
the makerspace?  
11) What is most challenging about sustaining the makerspace? What factors are most 
supportive of the makerspace? (Follow up: In what ways do district policies or 
expectations influence the makerspace?) 
 
Equity: 
12) Do you think that all students feel equally comfortable or engaged in the lessons in 
the makerspace, or do you think that there are differences in how students from different 
backgrounds, or of different genders engage or participate?  Why? What do you notice 
that makes you say that? 
13) How has the school turnaround plan impacted the makerspace and school priorities? 
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Appendix B: Student Survey Questions 
Demographic information 
I identify as male, female, non-gender binary, prefer not to answer 
I identify as Hispanic/Latinx, Black/African-American, White/Caucasian, Asian, Pacific 
Islander, Native American, prefer not to answer 
I am 11, 12, 13, 14 years old 
At home I have access to: 
A computer, the internet, a smartphone, a tablet, a space to work on messy projects, a 
camera, art supplies, other electronic devices (please list):_______________________ 
Makerspace Questions 
On a Scale from 1 to 5, with one being strongly disagree and 5 being strongly agree, how 
much do you agree or disagree with the following statements?  
Category 1 (affect/belonging) 
I enjoy spending time in the makerspace 
I enjoy the activities in which I participate in the makerspace 
I feel confident about my abilities using tools in the makerspace 
I feel that my ideas and skills are valuable in the makerspace 
I am included in group, and collaborative activities in the makerspace 
I am good at the kinds of projects and activities that take place in the makerspace 
The makerspace is a place where I can be creative 
The makerspace is a place where I can learn about things that interest me 
When I feel frustrated in the makerspace, I feel comfortable asking for help 
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When something doesn’t work the way I want it to in the makerspace I usually give up on 
my project 
My peers are supportive when I am solving problems in the makerspace 
My teachers are supportive when I am solving problems in the makerspace 
Category 2 (materials/activities preferences) 
Materials and tools that I enjoy using are available to me in the makerspace 
My favorite materials in the makerspace are electronic or digital  
My favorite materials in the makerspace are wood or metal (or tools for working with 
wood or metal) 
My favorite materials in the makerspace are paper, fabric, yarn, string, ink (pens, markers 
etc.), dye or paint (or tools for working with these materials) 
Category 3 (learning experiences) 
I learn a lot from my activities in the makerspace 
I am more interested in Engineering because of my work in the makerspace 
I am more interested in Science because of my work in the makerspace 
I am more interested in Technology because of my work in the makerspace 
I am more interested in Math because of my work in the makerspace 
I am more interested in Art because of my work in the makerspace 
Failure (things going wrong or not working) is a productive part of learning in the 
makerspace 




Evaluating Importance/Emphasis on Skills/Disciplines/Dispositions 
In your learning during makerspace activities, how important is the process of problem 
solving and putting thing together (1 not at all important, 2 somewhat important 3 
important 4 very important 5 essential) 
In your learning during makerspace activities, how important is the finished product (1 
not at all important, 2 somewhat important 3 important 4 very important 5 essential) 
-----  
To be a successful learner in the makerspace how important are the following (1 not at all 
important, 2 somewhat important 3 important 4 very important 5 essential)? 
Creativity 
Good communication skills 
Working with others (i.e. collaboration skills) 
Coding skills 
Problem solving skills 
Flexibility 
Knowledge of Science 
Knowledge of Math 
Knowledge of Technology 
Knowledge of Engineering 
Knowledge of Social Studies 
Knowledge of Art 
English language skills 
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Open Response Items: 
Please place a check next to the things that the makerspace makes you feel excited to 
learn more about: 
__ coding  __engineering __science __ design __architecture __art __machines 
__woodworking __ metalworking __ electronics __ digital fabrication __ digital and 
web-based devices and applications __ publication__ sewing __ crafts __ construction 
__technology __mathematics __computers __fashion __ graphic design__ 
communication technologies__ online communities__ video production __ music  
or  
__the makerspace does not make me excited to learn new things 
What is your favorite thing about working on projects in the makerspace? 
If you could change something about the makerspace what would it be? 












Appendix C: Field Note Templates 
Makerspace/Classroom Observation (Teachers, Students) 
Date: 





Teacher Actions Student Actions 
 
Facilitator Shadowing Observation 
Date: 




Location Facilitator Actions 
 
 
 
 
 
 
 
 
